For Reference 


NOT TO BE TAKEN FROM THIS ROOM 


ee 
ares sess 
HAUL 
WN = 


“a 
The University of Alberta 
Printing Department i 
Edmonton, Alberta a 


Digitized by the Internet Archive 
in 2023 with funding from 
University of Alberta Library 


httops://archive.org/details/Mann1974 


THE UNIVERSITY OF ALBERTA 


EIPEOHISTORYS)YPES OF THE BEAad CESCO (COREGONUS 
SARDINELLA, VALENCIENNES), IN THE YUKON TERRITORY 


NORTH SLOPE AND EASTERN MACKENZIE RIVER DELTA DRAINAGES 


by 


Ge: GARRY JAMES MANN 


A THESIS 
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH 
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE 


OF MASTER OF SCIENCE 


DEPARTMENT OF ZOOLOGY 


EDMONTON, ALBERTA 


SPRING, 1974 


Frontispiece: Sled Dogs at Paulatuk, N.W.T.: the 
principal consumers of the native 
domestic catch of least cisco. 


iv 


ade : 7.8.4 ,duzeinet * 
perl of) 26 
-oo2is jenot te iota 


o 


en © 


ABSTRACT 


The first detailed study of the alternate life-history types 
and growth patterns of the least cisco (Coregonus sardtnella, 
Valenciennes) in the western Canadian Arctic was conducted during 
the ice-free months of 1972, and. 1973... Samples were.collected,from 
freshwater lakes and coastal brackish water areas on the north slope 
of the Yukon Territory as well as from eastern Mackenzie River Delta 
drainages. Life history types ened included anadromous, fresh- 
water migratory and freshwater lake-resident (non-migratory) popula- 
tions. Two cases of sympatric occurence of dwarf (<150 mm fork 
length at maturity) and normal ()}200 mm fork length at maturity) 


growth types are described for two lakes. 


Among normal populations, brackish water léasti cisco: were 
observed to have the most rapid growth rate, at least for the first 
i0 years or lire. . the ereatest longevity occurred in freshwater lake 
resident populations ()20 years). Growth in length becomes asymptotic 
at 10 years of age in normal populations and at 3 to 4 years of age 
in dwarf populations. Dwarf cisco in Trout Lake, Yukon Territory, 
could be distinguished from similar-sized normal juveniles only by 


dissection which revealed advanced gonad development. Considerable 
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niche overlap occurs between dwarf and juvenile normal cisco in 
terms of areas occupied and feeding habits. Normal cisco begin 
maturing at age S or 6 but 100% maturity does not occur in most 
populations examined until age 7 or 8. Dwarf specimens were found 
to be mature at age 3. A small percentage of mature individuals in 
all populations do not spawn in consecutive years. These resting- 
Stage cisco were found to occur most commonly in ee Of Older. 


(12+ years) females. 


Spawning egg diameter is approximately 1.5mm. Spawning 
occurred prior to fall freéze-over in” Peter Lake,” Northwest” Territories 
(mid to late September) with dwarf fish preceding normal by approxi- 
mately 10 ‘to 1s days.” Trout Lake, Yukon Territory, cisco appeared 


to spawn in early October after fall freeze-over. 


Stomach analysis showed that all populations of least cisco 
in the study areas are generalists and opportunists in feeding 
habits. Bottom, pelagic and surface food items were commonly found 


in stomachs at all times during the study period. 


Brackish water least cisco differed significantly (p<0.05) 
from all other populations in terms of gillraker, pyloric caeca and 
lateral-line scale counts. Trout Lake dwarf fish had significantly 
fewer gillrakers (ps0.05) than Trout Lake normals and all other 


populations of least cisco which were examined (p<0-01). 
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INTRODUCTION 


The circumpolar least cisco (Coregonus sardinella, Valen- 
ciennes) is commonly found in the brackish-water areas of the Arctic 
seas and in freshwater streams and lakes in Asia and North America. 

A wide variety of life history types are exhibited across its range, 
varying from true anadromy to freshwater, landlocked populations, and 
from large-bodied migratory types to dwarf non-migratory forms (McPhail 


and Lindsey, 1970). 


This species is utilized extensively in the northern USSR ‘for 
commercial purposes (Venglinskii, 1967) and to a much lesser degree as 
a native domestic food source in the Alaskan and Canadian Arctic 
(Wynne-Edwards 1952, Stein et al, 1973). Results of the present study 
and of studies conducted in the past (Hatfield et al, 1972, Stein et al, 
1973, Cohen, 1954) suggest that the least cisco of the North American 


Arctic probably cannot sustain any high-yield commercial harvesting. 


With such a widespread distribution and abundance in the 
western North American Arctic, it is surprising that so little is 
known about the ecology and life history of the least cisco. A good 
deal more attention has been paid to its taxonomic status than to its 
biology by both Asian and North American authors. 
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The present studies were initiated as part of an overall 
environmental impact assessment program in the Northern Yukon and 
Northwest Territories, prior to possible construction of a large- 
diameter gas pipeline from discovery areas along the Alaskan and 
Canadian Arctic coasts to southern Canadian and US markets. This 
study represents the first detailed study of the ecology of the least 
ciscd.in.the,Canadian Arctic-and, itis hoped, .willweontribute to,the 
background knowledge that will be necessary for future management of 


this species. 
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LITERATURE REVIEW 


The most extensive study carried out on C. sardinella in North 
America to date, was done by Cohen (1954) and Wohlschlag (1954), on 
several populations near Point Barrow, Alaska. These authors have 
documented the existence of two id aera: See physiologically and 
behaviourally distinct groups within the species in their area. One 
form is anadromous (or at least migratory) and attains a maximum length 
of about 360 mm but is slower growing than the other, non-migratory form 
which attains a maximum length of only 220 mm. Basically, two well- 
marked forms of the least cisco exist: a large form often caught in or 
near the sea, and a small form usually found in lakes. (McPhail and 


Lindsey, 1970). 


Cohen and Wohlschlag both distinguished the two forms which 
they studied on the basis of body coloration and meristic characters: 
a migratory form which is heavily spotted on the back and dorsal fin 
and has a higher mean gillraker count and; the non-migratory form which 
is never spotted and has a lower mean gillraker count. The migratory 
habits of least cisco have been reported for populations in Siberia 
(Berg, 1948-49), Alaska (Cohen 1954, Wohlschlag, 1953,-54,-56, Alt 
and Kogl, 1973) and Canada (Mackenzie River) (Hatfield et al, 1972, 
Wynne-Edwards, 1952). All these authors report a late summer-early 
autumn migration into rivers by mature fish, presumably for spawning, 
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followed by non-spawning and immature fish. Walters (1955) suggests 
that this is an arctic adaptation to escape temperatures below 0°C. 
which may occur in sea water during the winter months. A review of 
other methods of freezing avoidance, including freezing point depression 
of blood serum by concentration of glycoproteins, im arctic ‘and 


antarctic fishes is provided by DeVries (1971). 


The feeding habits of the least cisco have not been extensively 
Studied although Berg (1948-49) reports that anadromous cisco in the 
brackish waters of estuaries and lagoons feed primarily on amphipods. 
Both Berg (1948-49) and Hatfield et al (1972) report a.cessation of 
feeding by mature individuals on spawning migrations. Venglinski (1967) 
reports that 'Ryapushka' (C. sardinella) in the Ob River drainage of 
Siberia feed mainly on gammarids and copepods in the Winter, but in 
the summer change to mainly zooplankters (including: Cyclops sp., 


Diaptomus sp., Limnocalanus sp., and Bosminidae). 


Cohen (1954) and Wohlschlag (1954) have published the most 
complete data on age and growth of the least cisco to date. Observa- 
tions on growth of cisco from the Mackenzie River, NWT and the Colville 
River, Alaska have recently been published by Hatfield et al (1972) 
and Alt and Kogl (1973) respectively. Cohen and Wohlschlag both reported 
that eggs spawned in September about the time of fall freeze-up, 
hatched out under the ice and the fry developed scales during the 
following summer. Nothing is known of spawning behaviour and spawning 
Site selection, or of the egg incubation time for this Species in 
North America. The early freeze-up and late spawning season of least 


cisco have undoubtedly contributed to this gap in the knowledge of this 
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species. Cohen and Wohlschlag postulated that a number of age-specific 
survival effects of an unknown nature were acting such that the 
migratory forms lived longer on the average than the non-migratory 
forms. The migratory fish captured in freshwater lakes were found to 
be uniformly heavier than those captured in the estuaries. stil 
factors as salinity, temperature, light and food could affect 
embryological development and later growth in the cisco. Of all the 
habitats examined in the Alaskan study (lakes, streams, marine and 
brackish waters), the streams would have the most variability of all 
factors except salinity and the authors postulated that this might 
account for the growth peculiarities of C. sardinella from Point 


Barrow. 


Behnke (1972) has ey ated the systematics of ciscoes and other 
salmonids. He describes the current confusion in coregonid taxonomy 
and places C. sardinella in the sub-genus Leuetchthys , along with other 
ciscoes, so as to distinguish them from the other coregonid groups: 
Coregonus (sensu stricto) (te: Coregonus clupeaformis complex), 
Prosoptum sp. and Stenodus. This concurs with Nikolsky and 
Reshetnikov (1970). The current center of controversy directly con- 
cerned with the taxonomy of the 'Ryapushka' or least cisco group, deals 
with the recognition of C. albula and C. sardtnella as distinct 
species in Asia. Most Soviet ichthyologists agree that these are two 
subspecies since in most cases the two forms cannot be consistently 
separated on morphological grounds, and the majority of populations 
are allopatric (Behnke, 1972). However, both ‘species' have been 


found to have examples of sympatric, reproductively isolated popula- 
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tions as weli as geographic races. (McPhail and Lindsey, 1970). 


In North America the C. sardinella group is well separated 
from the C. artedit complex on the basis of morphological and 
biochemical evidence (McPhail and Lindsey, 1970). The range of 
divergence within the C. sardinella of North America has been little 
studied. The extent of the known variation is summarized in McPhail 
and Lindsey (1970). Recent evidence indicates the existence of a 
third form of the least cisco in North America, distinguishable from 
the coastal migratory and freshwater non-migratory forms byi.its 
extremely small body size at maturity. Dwarf populations of this 
nature have been reported from Naknek Lake and Iliamna Lake of the 
Bristol Bay area of Alaska (McPhail and Lindsey 1970). The present 
Study presents data for two more such populations of dwarf least 
cisco in the areas studied. At the risk of confusing the taxonomy 
of coregonids even further, it is suggested that the dwarf forms may 


be sufficiently differentiated to be considered sibling species. 
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THE STUDY AREAS 


The sampling program for least cisco was carried out from late 
May to early September in 1972 and from late June until late September 
in 1973. Due to the short summer season of the study area, it was 
possible to sample during three of the four seasons in the 3-1/2 to 
4-month field program each year, by being present from spring break-up 


to fall freeze-over. 


This study was conducted as part of a more general helicopter- 
Supported study of the fish fauna of the Yukon North Slope and 
eastern Mackenzie River drainages. It was therefore possible to cover 
an extremely large area with relatively little difficulty. In the 
1972 field season, studies were restricted to the Yukon North Slope 
(Figure 1). This is an area of roughly 8,000 square miles, bounded by 
the Alaska-Yukon border on the west, the Mackenzie Delta on the east, 
the Beaufort Sea Coast on the north, and by the headwaters of the 
drainages of the North Slope in the British Mountains to the south. 
In 1973, surveys were conducted along the drainages of the east bank 
of the Mackenzie River along the proposed development corridor. 
Studies in this area were of a less intensive nature and were restrict- 
ed primarily to occasional visits to stations on streams for purposes 


of fish, benthos and chemical sampling. 
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TABLE* 1: Least cisco sampling’ stations, 1972, 1973. 


Locality Naine 


North Slope: 


Firth R. delta, 
Nunaluk Spit 


Stokes Point 
Lagoon 


Phillips Bay 


Lake 106 
Sabine Lake 
Lake 105 


Trout Lake 


East Mackenzie: 


Peter Lake 


Holmes Creek 


Lat’. 


Long. 


139°30! 


138°46! 


138° 51 


138 31" 
137°50! 
139°10! 


138°44' 


134° 9! 


134°15! 


Elevation Surface 
Area 
(Hectares) (M) 


(M) 


152.4 


152.4 


451. 


1] 


Max. 
Depth 


ono 


2 
(estimated) 


unknown 
unknown 
P25 


9:0 


unknown 
~ (15M) 


<1 


f a r. 


2.02> ‘arn: _ tg ge 


t2 


Although not all drainages and water bodies could be tested 
during the study, a large number of streams, rivers nfl lakes on the 
Yukon North Slope were sampled and it is believed that the studies 
provide a reasonably good estimate of the fishery resources of this 
area. Figure 1 shows place names and sampling sites on the Yukon North 
Slope. Figure 2 indicates all locations on the North Slope which 
were sampled as part of the general surveys. Coregonus sardinella was 
commonly caught in the same nets with the Arctic cisco (C.autwmaltis) 
in coastal waters. Figure 53 indicates stations at which each species 


occurred. 


Table 1 lists the locations, altitude, surface area (where 
applicable) and maximum depth for stations at which least cisco were 


captured. 


The lower Firth River-Nunaluk Spit station was sampled repeat- 
edly during the 1972 field season. The physical and chemical 
characteristics of this study site were typical of the entire Beaufort 
Sea coastal study area. The site was sampled as soon as open water 
appeared in late May. Sampling was ineffective due to the shallow 
nature of the estuary and the difficulty experienced in keeping 
gillnets free of debris that was constantly being washed out by the 
Firth and Malcolm rivers. Sea ice in coastal areas was not fully 
broken up and dispersed until approximately July 10, 1972. This area 
also exhibited a typical barrier-beach formation common to the 
Beaufort coast of Alaska and the Yukon (Plate 1). These beaches of 


coarse sand and gravel are built up as a result of the ocean surf 
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Plate l. 


A barrier beach near Phillips Bay (Mainland 
to pehnesragn: background) | 


Plate 2. 


Connection between a coastal lagoon and 
Beaufort Sea. (Beaufort Sea in background). 


iin 


Sas f[aisM) yea aqifiidg 1sen dosed. teitxsd A .f etelIq 
. (bavoxpacsd tdpix eds of 


Bare 


Lhe ae if 


bas moopsi [stesoo 5 neawied moisoenneD .$ etsld | 
.(bavorpabsd oi 592 Jtuolysed) .sse tuotused 


“ co 


14 


piling up the outwash from the major rivers and streams. Wave action 
has resulted in the formation of shallow, protected estuaries on the 
landward side. The waters of these areas range from fresh to slightly 
saline and appear to be highly productive. Crustacean fauna 
(Amphipoda, Copepoda and Isopoda) is particularly abundant and the 
estuaries are heavily utilized by fish in the summer months as feeding 
areas. Unfortunately this study did not allow sufficient time to 
quantify benthos and plankton in these areas. However, evidence of 
the abundance of crustaceans was provided on two occasions when 

50 to 60% of an overnight gillnet catch was consumed by amphipods and 


isopods before retrieval. 


The Phillips Bay sampling station was similar to the lower 
Firth Delta-Nunaluk Spit station, in that the water was constantly 
turbid, ere and had a slight salinity stratification. (Appendix 5). 
This area and the nearby body of water labelled Lake 106 appear to be 
extensions of the Babbage River Delta. A greater diversity of fish 
species was observed at this station than at any other station X= 
amined during the study (Appendix 1). Lake 106 appears to be merely 
an inland extension of Phillips Bay since the water remained constantly 
turbid and since the species diversity in the two bodies of water was 


Similar. 


Two coastal lagoons were sampled during this study: Clarence 
Lagoon near the Alaskan border, and Stokes Point Lagoon, located 


between the Firth and Babbage River deltas. 


Although Clarence Lagoon could only be sampled on three 
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occasions during 1972, it appeared as if this water body was not as 
heavily utilized as a feeding-area as other coastal sampling sites. 
Least cisco were not taken here. The lagoon is almost uniformly 
shallow (<1m) except for a deeper channel (2.5 m) along the west bank 
through which the Clarence River flows. The salinity in this water 
body did not approach the brackish range ()15 parts per thousand) on 
any sampling occasion. The lagoon was connected to the Beaufort Sea 
by a tetas channel (~10 m in width) in which there was a continuous 


seaward flow. 


Stokes Point Lagoon, although similar in area, differed 
Significantly from Clarence Lagoon. This body of water was uniformly 
deeper (to 3.5 m) and was not under the influence of a major stream. 
Consequently it exhibited a much more pronounced salinity stratifica- 
tion. Sampling was conducted here with gillnets at approximately 
2-to 3-week intervals in 1973. Temperature-salinity profiles were 
taken on each occasion and the results are summarized in Figure 4. 

A salinity-temperature stratification occurred during spring, early 
summer and fall. Water temperatures were low when ice was present in 
the nearby Beaufort Sea, but rose sharply during the month of August 
when easterly winds blew the ice floes far off shore. Salinity 
stratification within the lagoon was most pronounced in the spring 
and fall. For most of the month of August the entire water column 
was uniformly saline ()15 ppt). This was presumably due to a summer 


decrease in surface run-off and a decreased freshening effect. 


Tidal fluctuations in the Arctic ocean are very small and 


therefore have little effect on coastal lagoons in the study area. 
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The only evidence of tide observed during this study was a current 
which was observed on several occasions flowing into Stokes Point 


Lagoon in the morning and out in the evening (Plate 2). 


The erosion-deposition effects of wave action appear to 
Significantly affect coastal morphology. During the 4-month study 
period in 1973, the connection between Stokes Point Lagoon and the 
Beaufort Sea shifted approximately 15 to 20 meters in a westward 


direction. 


Several freshwater lakes were sampled on the Yukon North Slope 
and in the East Mackenzie Survey area. Of these, only 3 in Yukon and 


3 in the Mackenzie area were found to contain least cisco. 


Sabine Lake on the North Slope was test-netted late in 1973. 
Unfortunately, it was too late in the study to obtain a large enough 


Sample of least cisco for life history study. 


Two other lakes, Trout Lake and Lake 105 on the Yukon Study 


area, were sampled intensively during both 1972 and 1973. 


The 3 lakes in the East Mackenzie survey area which were found 
to contain least cisco populations were Peter Lake (see Figures 8, 9, 
Table 1), Yeltea Lake (Lat. 67°00' Long. 129°30') and Lake 73 - 1-2 
(Lat. 68°15! Long. 454 019) Only Peter Lake was netted intensively 
during the 1973 field season. However, despite regular gillnet 
sampling, least cisco did not appear in the catch from this lake until 


early September. 
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Of the two lakes in the Yukon study area which were studied 
intensively, samples were most easily obtained from Trout Lake. The 
name is misleading since no trout or trout-like fish are present in the 
lake (see Appendix 1). The laké is located on the Babbage River 
drainage and is surrounded by rolling ore he (Fapurers; Plate 5). 
Water levels appear to be maintained by surface runoff from the 
surrounding terrain; no distinct inlet streams could be located. The 
lake outlet is located on the northwest corner and connects to the 
Babbage River via Phillip Creek. The actual point of exit from the 
lake is rather indistinct, with the water flowing through an area of 
‘thick sedge before coming together to form a narrow channel, 1/2m 
in width. This stream freezes solid in winter but was observed to be 
flowing by mid June. There is no evidence that least cisco migrate 
in and out of the lake. Electrofishing and other sampling was carried 
out along the outlet, Phillip Creek and the Babbage River at various 
times during the 1972 field season. At no time were least cisco en- 
countered in catches. Arctic grayling were taken in the Trout Lake 
outlet and these fish may utilize this stream for spawning (deBruyn 


and McCart, 1973). 


Trout Lake, located at an altitude of approximately 152.4 m 
(SOO ft), has a surface area of 68.5 har and a maximum depth of 9 m 
(see Figure 5). It receives considerable wind action after spring 
breakup, which occurred on approximately June 25 and June 29 (+3 days) 
in 1972 and 1973, respectively. The lake was nearly isoclinal on 


July 8, 1972 (surface: 14°C, 4 m: 12.7°C, bottom (7 m):8.8°C) and 
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Figure 5. Trout Lake, YI contour map. 
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Saturated with oxygen throughout the water column (surface: 13 ppm, 
bottom: 14.0 ppm). Surface water temperatures during the 1973 
Sampling program are summarized in Figure 6. Daily mean air tempera- 
tures (1958-70) for Komakuk Beach weather Station, located approximate- 
ly 100 km to the northwest, are also presented (from: Burns, 1972). 

The majority of the nearshore bottom consists of clay-ooze but large 
areas of shale-fragment beach are present on the Boren and south | 
perimeter of the lake. Rooted aquatic vegetation is sparse (Figure 5) 
and consists primarily of Sedge. The surrounding terrestrial 
vegetation consists of small clumps of dwarf birch (Betula sp.) and 
dwarf willow (Saltz sp.), but the majority of the lake shore is barren 


of any deciduous growth. 


The second population of non-migratory C. sardinella that was 
intensively studied on the Yukon North Slope was located in Lake 105 
(unnamed on topographic maps). This lake is also located at approx- 
imately 152.4 m (500 ft), 50 km northwest of Trout Lake (Figures 1 Sr 
7, Plate 4) and is one of a chain of long, narrow, deep water bodies 
that occur in a discontinuous trench at the 152.4 m (SOOmtt} contour. 
This trench appears as if it may be a rift or fault or possibly an old 
glacial river channel (Hughes, 1972). In spite of their similarity, 
each lake in the chain has a unique fish fauna. Lake 105 was found 
-to contain a relatively large population of least cisco as well as 
Arctic grayling and lake trout (Appendix 1). The lake has a surface 
area of 11.2 har, and a maximum depth of 12.5 m. A distinct 
inlet is located at the west end which had a relatively constant flow 


of approximately .09 to .11l m° per second (m/sec) throughout the 
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Figure 7. Lake 105, YT, showing sampling sites and 


aquatic vegetation beds. 
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Study period. The lake appears to be fed by surface runoff and from 
melting snow banks in the ravines to the south of the lake. The 
outlet is on the north shore and it too had a reasonably constant 
discharge throughout the study (0.09 to 11-m°/sec) . This stream was 
occupied throughout the summer by juvenile and adult grayling. How- 
ever, it appears highly unlikely that any fish could enter or leave 
this stream since it braids into many tiny meee nce it enters the 
coastal plain, prior to entering nearby Stream 1000 (Figure 7)... For 
this reason, it is believed that this population of least cisco is 


also land-locked and non-migratory. 


The third lake population of C. sardinella examined was found 
in Peter Lake, NWT, which is located approximately 48 km (30 mi) north 
of the town of Inuvik. This lake is the uppermost lake in the Holmes 
Creek drainage (Figure 8). A single ripe female cisco obtained from 
the lake in October of 1972 led us to believe that a resident popula- 
tion might be present. Sampling was carried out in this lake and 
others in the drainage system at irregular intervals throughout the 
1973 field season. However, it was not until early in September, 1973 


that any more least cisco appeared in catches from this lake. 


The lake itself is located in rolling tundra terrain immed- 
lately north of tree line (Figures 8, 9). No distinct inlet streams 
could be located. However, the outlet stream flowed constantly during 
the study at 0.43 to O-57in” /secu(esmamaned) and appeared to form no 
barrier to fish passage. The lake has a surface area of 451.9 har, 
and a small island is located at the north end near the outlet. The 


maximum depth is unknown but it is believed to be deeper than 15 m 
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Figure 8. Holmes Creek drainage. 
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27 
since nets set near shore were set at this depth on several occasions. 


An oil rig was located on the eastern side of the lake during 
1972, 1973 and considerable angling pressure on the lake trout 


population of Peter Lake was reported by the rig crew. 


A hydrological study is presently being conducted on the lake 


by the Canadian Federal Water Resources Branch. 


MATERIALS AND METHODS 


During the 1972 field season, operations were conducted from 
a base camp located near the Firth River on the Yukon North Slope 
(Figure 2, Plate 5) and access to sampling sites was by helicopter. 
Since the area to be surveyed during the 1973 field season was expand- 
ed to include the east Mackenzie River drainages, operations were 
based out of the town of Inuvik. A temporary field camp was set up on 
Lake 100 on the Yukon North Slope and used on occasions when extensive 


sampling was to be conducted in the Yukon study area (Plate 6). 


A total of 1,544 least cisco were captured and analysed during 
the 1972-1973 study periods. In 1972, 789 were taken from the Yukon 
North Slope’ area. In 91973, a further 755 fish were taken from both 
Yukon and NWT study areas. A summary of the cisco catch data is 


presented in Appendix 2. 


A wide variety of methods of collection were employed during 
the fisheries studies. Equipment used included monofilament gillnets 
of various mesh sizes, beach seines of various lengths, back-pack 
electro-fishing units, a hoop net, fry traps, fish weirs and angling. 
Only gillnets, beach seines and the hoop net were successful in 
capturing least cisco; of the total sample, gillnets captured 81.1% 
(1,260), seine nets 18.4% (284), and the hoop net 0.5% (8). 
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Plate 5. 


Field base camp near Firth River, YT (June 25, 
POT!) 2 


Plate 6. 


Field camp, Lake 100, North Slope YT (July 20, 
1973). 
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Gillnets employed in this study were of the noha amen t type, 
2.4 m (8 ft) in depth and 15.24 m (50 ft) in length. Mesh sizes 
employed were 1.0, 1.3, 2.5, 3.8, Semi; hl ome. 9. LOL, “lhe5cm 
(1/2", 3/4° Ta 2 2 2-1/2 aged foment. 4-1/2") ‘stretched 
measure. Nets were set in a variety of depths of water and normally 
in gangs of up to 6 nets. Early in the studies, mesh sizes were set 
such that as wide a range of fish sizes as meccibie could be ob- 
tained in a sample. Individual mesh sizes provéd to be selective for 
specific length classes (Appendix 3). Nets could therefore be set 
selectively to obtain whatever size-classes were needed at any parti- 
cular time. A hoop-trap net was set (in Trout Lake) on two occasions 
only. It proved to be selective for larger least cisco (7172 mm fork 


length) and grayling (deBruyn and McCart, 1973). 


Fine mesh (5 mm) beach seine nets were used extensively in 
Trout Lake and Lake 105 for the capture of young-of-the-year and 
juvenile least cisco. In some cases, circumstances dictated the 


use of unusual methods of capturing specimens (Plate 8). 


In most cases, samples of fish captured were analyzed fresh 
in field or base camps (piaes 7). Samples which could not be looked 
at immediately were frozen for later analysis. Data were recorded on 
data sheets (Appendix 4) and coded in the manner shown. Fork length 
was recorded using a measuring board, and weights were measured to the 
nearest 0.1 gm using a triple-beam balance. Weights of less than 
1.0 gm were measured to the nearest .01 gm using a torsion balance. 


Egg diameters were determined to the nearest 0.1 mm by finding the 
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Plate 8. Seining in Beaufort Sea using helicopter. 
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mean diameter of ten eggs lined up in a row, using calipers. Scales 
that were to be used for ene were cleaned with the fingers and 
pressed between two glass slides, taped together and an individual 
collection number assigned. Otoliths were removed and placed in 
glycerol in l-dram vials, labelled individually and stored for later 
aging. Aging was carried out using a binocular dissecting microscope 
for both scales and otoliths at 40X magnification. Individual scales 
and otoliths were each aged independently twice. Where the first and 
second readings differed, a third reading was used to reconcile them. 
Length and weight data were obscured during the first aging so as not 
to bias results, but these data were referred to during the second 
aging to eliminate gross errors. Criteria for establishing age are 


discussed under "Age and Growth", page 36. 


Sagmacne from least cisco captured in 1972 were individually 
labeled and fixed in 10% formalin for later examination. In the 1973 
field season, stomach contents were ee ee in the field. Since 
the large majority of fish were captured in gillnets and the length 
of time from capture to analysis was highly variable, no data were 
recorded concerning relative stomach fullness or the relative abundance 
of individual organisms within stomachs. Feeding data were simply 


analyzed in terms of percent occurrence within the total sample. 


Fecundity counts were conducted only for ovaries which were 
judged to be mature and green in condition. Fecundity was estimated 
by counting a sub-sample constituting approximately 100% of the total 
Ovarian weight. Total ovarian weights and the weights of SC ReConee 


were determined during field dissection and the latter preserved 
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TABLE 2: Fecundity estimation: accuracy check. 


Subsample Actual Percent 
Sample No. Location Estimation. ‘County ~Drtterence.. «Error 
N72-137-32 L-105 35925 4,260 -337 7,9 
N72-137-34 L-105 4,350 4,403 = 535 Leg 
N72-137-24 L-105 eed 7. 6,623 +654 9.8 
N72-111-4 Trout. E. 7,445 7,886 -44] S30 
N72-111-10 TYOUtaL. oe 10,353 -1,606 15.8 
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Mean Error = 8.6 
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for later counting. The total fecundity was determined by simple 
proportion: 


v 


Fecundity sub-sample Weight sub-sample 


total fecundity weight total ovary 
A check of the accuracy of this technique was made by direct count of 
total numbers after the sub-sampling method had been employed. The 
mean error was discovered to be 8.6%, with the Srenieet error occurring 
for the ovaries with the lowest total count and the largest error 


occurring for the highest total count. (Table 2). 


The state of maturity and condition of adult fish were 
estimated in the field during dissection. On the basis of adned weight 
and width and egg diameter, fish were judged to be either mature or 
immature. All mature individuals were assigned a condition factor: 
green (G) if thé male or female appeared to have sufficient gonadal 
development to spawn in the fall of the year of sampling; ripe (R) if, 
in the case of males, sperm could be easily stripped from the gonad 
when stroked in the posterior direction or, in the case of females, if 
the eggs had been dropped free of the ovarian tissue into the body 
cavity; will not spawn (WS), if the apparently mature individual did 
not exhibit sufficient gonadal development to participate in the fall 
spawning season of the year in which it was captured. (method accord- 
ine to. McCart, Craio and Bain,, 1972). This method is clearly sub- 
jective, particularly with regard to judgement between the larger 
individuals which may be closely approaching maturity and smaller- 
bodied adult individuals which have spawned but are in a resting 


stage. The chance of misjudgement here is reasonably great. In the 
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case of males, the chance of error is even greater since mature, green 
individuals do not develop large gonads until quite -late in the 
Summer. Females which had previously spawned often showed evidence of 


this in the form of eggs retained in the ovary. 


Taxonomic data were recorded for a series of least cisco from 
each area sampled during the 1972 field season and supplemented by 
data for 1973 collections. Meristic counts taken were number of 
lateral #anégscales qealivakers? (first arch on left side), pyloric 
caeca and vertebra. Methods used were after Hubbs and Lagler (1958) 
and Lindsey (1961). Pyloric caeca and gillraker counts were made from 
specimens fixed in 10% formalin. Vertebral counts were obtained from 
x-ray film examined on a light table. Counting commenced with the 
first vertebra posterior to the occiput and terminated with the most 


posterior vertebra in the hypural complex. 
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RESULTS AND DISCUSSION 


Age and Growth 
Aging Techntques and Criterta 


As mentioned in the previous section, aging of specimens was 
carried out, for the first year's data at least, by using scales and 
otoliths. The use of scales has been demonstrated to give reasonable 
accuracy for coregonids at temperate latitudes by a number of authors 
(see Lux 1971, Lagler 1952). The primary difficulty encountered is 
that, in very slow-growing populations, annuli may be unrecognizable 
near the perimeter of the scale because of the "dense edge" (Nordeng 
1961) due to the extreme crowding or possible failure to lay down 
circuli. McCart et al (1972), Nordeng (1961) and others have recom- 
mended the use of otoliths for aging Arctic char and other slow- 
growing Arctic salmonid species, since the alternation of hyaline 
(slow winter growth) and opaque (rapid summer growth) layers can be 


easily detected right to the perimeter of the otolith in most cases. 


Scales and otolith ages tend to agree closely for the younger 
age classes, as has been found in Arctic char by McCart et al (1972) 
and Nordeng (1961). Once growth becomes asymptotic.(te when maximum 
length is closely approached), the agings become more divergent. 
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Apparent growth rates determined from beans tend to exceed those 
determined from otoliths and the maximum age determined from otoliths 
Significantly exceeds that from scales. Figures 10 and 11 demonstrate 
this relationship for the Trout Lake and Lake 105 populations of 


least cisco. Plate II shows the clarity of annuli on some otoliths. 


The time of hatching of least cisco eggs that were spawned the 
previous fall is not known for the populations studied. However, near 
Point Barrow, Alaska, hatching is believed to occur under the ice, 
prior to spring breakup (Cohen 1954). The first hyaline ring on 
otoliths observed close to the focus may be caused by the yolk sac 
resorption after hatching and by the metabolic changes which occur as 
the larval fish begins foraging for its own food. In the least cisco 
otoliths, this larval check is growth was often not visible. However, 
the check caused by cessation of growth during the following winter 
was normally clearly visible. (Plate 12). Time of year in which the 
fish was captured was kept in mind while reading otoliths and scales. 
Fish captured in the early spring or summer whose otoliths did not 
show any opaque deposition around the perimeter were aged by counting 
the number of annuli and adding one for the edge of the otolith. Thus, 
in this study, the age of a fish from hatching is regarded ae 
number of annuli which could be eomncas taking into consideration the 
date of capture of the individual. Since greater confidence could be 
expressed in the ages determined from otoliths, than in those deter- 


mined from scales, the otolith ages have been used exclusively in all 


computations in this report. 
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TROUT LAKE: "NORMAL" LEAST CISCO 
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Figure 10. Age-length relationship, Trout Lake: scale 
vs otolith ages. 
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Figure ll. 
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Age-length relationship, Lake 105: scales 
vs otolith ages. 
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Plate 9. Migratory Least Cisco (C. sardinella) from 
Beaufort Sea coast (bottom) were commonly 


Captured sini nets with arctre Cisco (C. autumnalis) 
(Cop). 


Plate 10. Top: mature "normal" least, cisco from Trout 
Lake. Middle: immature "normal" least cisco 
from Trout shakes, Bottom:-mature oidwart" 
least cisco from Trout Lake. 
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Plate ll, A. Trout Lake "normal" :age=20, fork length=290mm. 
B. Trout Lake "normal" :age=21, fork length=296mm. 
C. Lake 105: age=18, fork length=242mn. 
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Plate 12. Otolith from a young-of-the-year from Trout 
Lake (top) and from a one-year-old captured 
in’ late, August, 1973. 
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Life History Types and Growth Patterns 


At an early date in the field eee ons. it became apparent 
that the least cisco in the study area exhibited a variety of differ- 
ing life history forms. Since sampling was conducted in both fresh- 
‘water and marine habitats it was not surprising to find some divergence 


in growth. 


Least cisco tnat were taken in brackish waters along the 
Beaufort Sea coast were all assumed to be migratory since winter 
existence at the points of sampling would appear to be impossible due 
to sub-zero water temperatures (Walters, 1955) and the presence of 
thick ice near shore (personal observation). It is possible that the 
Salinity of coastal waters would be at intolerably high levels since 
the freshening effect of freshwater inflow from North Slope rivers is 
drastically reduced in winter. No direct evidence of avoidance of 
high salinity seawater by least cisco could bearound in the literature. 
However, on two occasions gillnets were set approximately 1/2 to 1 
mile offshore in high salinity (30.0 parts per thousand-August 6, 1972) 
and moderate salinity seawater (17.0 ppt - July 23, 1973). In a total 
effort of 75 net hours, not a single individual of any species was 


captured. 


It is believed that the migratory population of least cisco 
sampled at intervals along the coast of the North Slope represents 
dispersal of the large migratory population known to inhabit the 


Mackenzie River and its tributaries (Hatfield et al 1972). Some 
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evidence for this is provided in the section on spawning season (see 
page and Figures 29 and 30). Least cisco were commonly captured 
along with heavy catches of Arctic cisco (C. autwmaltis) in brackish 


water areas (Plate 9). 


A second type of migratory habit was encountered in the fresh- 
water habitat. As mentioned previously, Peter Lake. was netted at 
irregular intervals during the 1973 field season with gillnets of a 
Matter, (Olmos asi 76S 4. iNc lid in Gl: Sy oe eS om (5 / Ale aM. 
1-1/2" and 2'') stretched measure. Although the other species of 
coregonids in the lake were captured on every occasion (Appendix 1), 
C. sardinella were not captured until September 4, 1973. Gillnets set 
only 2 days previously failed to capture a single least cisco. About 
82% (107/130) of the cisco captured on this date and thereafter were 
found to be mature, green, or mature and ripe in condition, indicating 
that this lake is used as a spawning area for a freshwater migratory 
population. This population has direct access to the Mackenzie Delta 
and Beaufort Sea via Holmes Creek (Figure 8), but it is not believed 
that these cisco leave fresh water. It is assumed that they reside 
in another lake in the system since the growth rate (age-length re- 
lationship - Figure 16) indicates similarity to other lake-resident 


populations studied. 


Another life history type examined occurs in situations in 
which populations of least cisco become "land-locked" or do not have 
the opportunity of migrating into or out of the body of water in 


which they occur. As mentioned previously, this type of situation 
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appears to exist for two lake populations studied in the Yukon study 


areas7in trout Lake and Lake 105. 


These lake-resident life history types are similar in that 
growth is considerably slower than that observed for anadromous 
populations (Figure 16). Although the brackish water least cisco 
attained a larger maximum size, they did not appear to achieve the 
longevity observed in lake-resident populations. Presumably, these 
observed differences in growth are due to differing food availability 
in the various habitats sampled, as well as differing physical 


parameters such as temperature, salinity, turbidity and light. 


In the study areas, a major type of growth pattern was ob- 
served for populations of C. sardinella which is referred to as 
"dwarf''. All other types of growth patterns are referred to as 
"normal" for the purposes of this report. Dwarf populations of least 
cisco have been reported only in a single instance in North America. 
This observation was made by McPhail and Lindsey (1970) and deals with 


dwarf populations in the Bristol Bay area of Alaska. 


Dwarfism in coregonids has been described by a number of 
authors in Europe (Svdrdson 1957) and North America (Kennedy 1943, 
Eschmeyer and Bailey 1955, Fenderson 1964, and McCart 1970). These 
authors have described situations in which both the normal and dwarf 
forms exist sympatrically in the same lake. Fenderson (1964) com- 
pared populations on the basis of age at maturity, growth rates, 
morphology and erythrocyte antigens to determine if the existence 


of the dwarf form was due to physiological variation within a homo- 
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geneous population, or if in fact the dwarf and normal groups repre- 
sented discrete and isolated populations. He suggested that at least 


a partial barrier exists to gene flow between the two forms. 


Two instances in which dwarf fish were found to be sympatric 
with normals were encountered in the study areas. In the Yukon area, 
Trout Lake was observed to contain a group of early-maturing individuals 
which seldom achieved a maximum age of fourteen years (Figures 14, 16). 
This dwarf population was virtually indistinguishable from similarly-sized 
immature individuals of the normal population on the basis of external 
morphology (Plate 10). Dissection revealed the advanced gonad development 
Gf <dwarits (Pilate 15). They were commonly captured in the same localities 
and were found to be feeding on similar food items (pagel6S). The Trout 
Lake dwarf fish are presumed to be landlocked and non-migratory as is the 


normal population, for reasons stated previously. 


Plates 13 and 14 compare annulus patterns on otoliths from 
immature normal and mature dwarf least cisco oH Trout Lake, and Peter 
Lake respectively. It may be observed that for a given length, the 
dwarf fish of Trout Lake may be twice the age of immature normals and 
that the dwarf cisco may attain considerable longevity at a relatively 
small size. Plate 14 illustrates the similarity of otolith annulus 
patterns for Peter Lake dwarf fish and normals although the two have 


greatly differing body size at a given age. 


A second dwarf population was found to be present in Peter Lake 
in the NWT study area. These dwarf least cisco differ from the Trout 


Lake population in that they appear to be migratory and do not 
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Plate 13. A. Trout Lake immature "normal" :age=2, fork length= 
93mm. B. Trout Lake mature "dwarf" :age=4, fork 


length=92mm. C. Trout Lake mature "dwarf":age=ll, 
fork length=11llmm. 


ae 


sdipnel Axo? ,<=sps:"L[smzon” sivtsmmt axed tuoxT .A 
A102 ,f=sps:"trswb" sivtem sxasl tuorT .d@ .mmte 
 liz=eps: "t4swbh" sxytsm exAsd tvorT .D .mmS@=ripnoet 
.miiledtenel Ax0t 


48 


5B. 


Plate 14. A. Peter Lake mature “dwarf": age=3, fork length= 
li3mm. B. Peter Lake immature "normal": age=3 
fork length= 138mm. 
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Plate 15. Comparison of similar size male and female gonads 
from "normal" immature (Group A) and "dwarf' 
mature (Group C) least cisco from Trout Lake,YT. 
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TABLE 3: Age-length relationship; Trout Lake normal and dwarf 


populations (sexes combined). 
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Figure 12. Age-length relationships, Trout Lake "normal" 
and "dwarf" populations (sexes combined). 
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TABLE 4: Age-length relationship; Peter Lake normal and dwarf 


populations, (sexes combined). 
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Figure. 13... .Age- pena relationships, Peter Lake "normal" 
and "dwarf" populations (sexes combined). 
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TABLE 5: Age-length relationship; Lake 105 (Sexes combined). 
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Figure 14. Age-length relationship, Lake 105 (sexes 
combined). 
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TABLE 6: Age-length relationship, Brackish water stations (sexes 
combined). 
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Age-length relationship, Brackish water 
stations (sexes combined). 
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reside in Peter Lake during the summer months. It appears i these 
fish migrate from an unknown area (probably: another’ lake in the Holmes 
Creek drainage) into the lake to spawn. It is not known if these dwarf 
fish remain in the lake to overwinter. However, during a 24 hour 
gillnetting (192 gillnet hours) on September 20 - 21, 1973, Onl Vicd 
Single dwarf specimen was captured. The dwarf fish may leave Peter 
Lake to overwinter in another lake or may move ve deeper water after 
Spawning. The Peter Lake dwarf population differs from the Trout 

Lake population in that a larger body size appears to be attained at 
any given age. Maximum length observed in the Peter Lake population 
was 154 mm. However, this is considerably lower than that attained 

by the Trout Lake dwarf population which appearsto attain greater 
longevity than Peter Lake dwarf population (11 vs 14 years, respective- 
PyytFrgures” 12513 Paley « Péter Wake dwarf C. sardinella were found 

to attain gonad ripeness and begin spawning as early as September 10, 
roy. “At this time, more than 90% of the individual females were 
either ripe, or spawned-out, whereas 9 days previously, no dwarf 
females were ripe in condition. Trout Lake dwarf fish do not appear 
to begin spawning until late September since less than 1% of the 
females taken on September 12 and September 26 were Tipe. ‘Peter Lake 
dwarf fish were similar to those of Trout Lake in that they were indis- 
tinguishable from immature normal least cisco in their external 
morphology, and were commonly captured in the same areas as normal 


least cisco. 


Age-length data were analyzed and compared on the basis of sex 


for each location using t-tests. Significant differences between 
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males and females occurred in only a few isolated cases in which sample 
sizes were small. In most cases, differences between sexes in the 
mean length at a given age were not significant (p>.05) therefore data 


were combined for this analysis. 


Of the six populations and sub speniiatuens described, least 
cisco in brackish waters appear to exhibit the most rapid growth during 
the first 5 years of life (Figure 15,5 babe 6). Growth does not be- 
come asymptotic until approximately age 12, and of the 4 normal popula- 
tions sampled, brackish water, migratory least cisco were found to 


attain the lowest maximum age (13). 


Of the 3 normal lake resident populations examined during this 
Study, Trout Lake least cisco were found to attain the largest maximum 
size (339 mm fork length). A typical lake-resident growth curve is 
exhibited by this population in that growth is rapid during the early 
years of life prior to attaining sexual maturity. Thereafter, annual 
growth increments become progressively smaller (Figure 12, Table 3). 
The asymptotic length of normal least cisco from Trout Lake is approx- 


imately 300 mm (Figure 12). 


The two remaining normal freshwater populations studied, Lake 
105, YT and Peter Lake, NWT, appeared to exhibit similar growth 
rates during the earlier years of life (Figure 16). However, in spite 
of the fact that the asymptotic growth phases are very similar (Lake 
105, approximately 240 mm; Peter Lake, approximately 250 mm fork 
length) Peter Lake normal least cisco have a much shorter life span. 


(Figures 13, 14, Tables 4, 5). Lake 105 cisco were aged as high as 
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25 years, whereas the maximum age observed for Peter Lake was 15 years. 
This shorter life span of migratory least cisco appears to be character- 


istic in the study areas. 


The age-length relationships for dwarf populations of least 
cisco examined illustrate the comparatively slow growth of these 
populacions (Figure 16). Since are fish could be. identified only by 
their advanced gonad development, the age-length relationship does not 
include data for the period in which these fish were immature and 
therefore were indistinguishable from immature normal cisco less than 


three years of age. 


Growth in length by dwarf fish is minimal after sexual maturity 
(Figure 16). Peter Lake dwarf fish are consistently larger than 
those of Trout Lake of the same age (Figure 16). Peter Lake dwarf fish 
are believed to be migratory and the observed shorter life span is 
consistent with the same observation in migratory normal populations of 
least cisco (Figure 16). It is possible that ths results from in- 
creased exposure to predators during migration. No data could be 


obtained during these studies to substantiate this. 


The observed differences in growth patterns for the populations 
studied may be related to competition for food and space. Brackish 
water least cisco exhibit the best growth, presumably since food is 
abundantly available to them during the summer months along the 
Beaufort Sea coast. In Trout Lake, the least cisco was, on all 
occasions, the most abundant species in gillnet and seine net catches. 


The next most abundant species captured in the lake was Arctic gray- 
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ling. Comparison of grayling feeding data (deBruyn and McCart, 1973) 
with stomach content analysis for least cisco (page-103} indicates 
little interspecific competition for food. Although this study did 
not allow sufficient time for ire sees benthic and planktonic 
Studies, it seems probable that Trout Lake must possess a relatively 
richer food base than Lake 105 since a comparatively larger body size 
was attained by Trout Lake least cisco. In Lake 105, least cisco were 
extremely abundant and appeared to be the dominant species present, 
over a much smaller population of Arctic grayling and an even smaller 
population of lake trout. Intraspecific competition and low utiliza- 
tion by the predator species (lake trout) may have combined here to 
produce stunting of the least cisco population. Similar situations 
have been described by others (Alm 1959, Lindstr¥m and Nilsson 1962) for 


coregonid populations in Europe and North America. 


Since it is not known where the migratory population captured 
in Peter Lake spends the majority of the summer season, it is difficult 
to know what conditions have produced the comparatively small body 
Size. It appears, however, that the areas they occupy must not be as 
favourable for the growth of least cisco as the area occupied by the 


brackish water, migratory population studied. 
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Growth of Young of the Year 


The capture of least cisco young-of-the-year proved to be a 
difficult task in most sampling areas. The following collection methods 
were employed: minnow traps (wire mesh) , Faber Net (Faber, 1968) (a 
large plankton net towed or pushed by a boat), trawling with seine nets 
behind and boat and beach seining using various lengths of seine net. 
Of all these methods only beach seining in Trout Lake and Lake 105 
proved successful. Fry did not appear to be abundant in nearshore 
waters at most times (Table 14) and also the shore morphology of Lake 
105 and Peter Lake with their rapid increase in depth caused some 
difficulty in capturing fry. These difficulties are reflected in the 
data obtained (Figure 17) and it may be seen that the majority of 


samples were obtained during the 1973 field season. 


Although the time of hatching of least cisco fry is unknown, 
extrapolation of growth curves for Trout Lake and Lake 105 fry suggests 
the time of emergence is approximately mid-June, when the fish have 
attained a length of approximately 8 to 10 mm. A sample of 100 
Coregonus sp. fry from Peter Lake, NWT (some of which are undoubtedly 
C. sardinella) on June 20, 1973 had a mean length of 11.13 mm. On 
JUL ye hs, 1973 the Coregonus sp. fry were captured in the same locality 
in peter Taker tgiive 9) and were found to have increased in length to 


a mean of 15.7 mm (N=37). 


Young-of-the-year least cisco from Trout Lake appear to grow 


at a rate only slightly greater than that observed in Lake 105. A 
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Single sample obtained from Holmes Creek in mid-July indicates that 
fry of least cisco in this system may utilize the stream habitat to 
some extent. They appear to have a significantly greater growth rate 
than fry captured in the North Slope study area in the 1973 growth 
season. The growth rate of fry may be highly variable from year to 
year as Figure 17 indicates. Mid-July samples taken only 5 days apart, 
in succeeding years indicate that conditions for fry growth in Trout 


Lake may have been considerably better in 1972. 


Compartson wtth Growth tn Other Areas 


As discussed previously, the only other observations on growth 
of least cisco were reported by Cohen (1954) in Point Barrow, Alaska, 
Hatfield et al (1972) in the Mackenzie River, NWT and most recently 
by (Kogl et al). (1972) and Alt and Kogl (1973) for the Colville River 
in Alaska. A comparison of age and growth reported by these authors 


with the results of the present study is presented in Figure 18. 


Populations which were associated with brackish waters or major 
river systems and which are believed to be migratory, all exhibited 
Similar growth curves. These include Colville River, Point Barrow 
(Type ''M", Type ''F'' - Cohen, 1954), Mackenzie River and Yukon North 
Slope least cisco. All fish except those captured during the present 
Study and those taken from the Mackenzie by Hatfield et al (1972) were 
aged using scales. Cohen's Type '"M'' and Type "'F'' least cisco were 
broken up into these groups on the basis of differing annulus patterns 
observed on the scales (Cohen, 1954). This author felt that "F" type 


cisco remained in fresh water and the ''M'' type migrated into fresh 
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water from a nearby lagoon. Since the growth curves for these two 
types do not differ significantly from those observed in other marine 
migratory forms, it is likely that this author has merely described a 
Situation in which two rearing areas may be involved which produce 
distinct annulus patterns. These separate populations have subsequent- 
ly come together into Ikroavik Lake and probably move freely into Ny 
out of the lake to the nearby Elson Lagoon during the summer months. 
Thus it is felt that Cohen's Type “F' and "M" should be lumped to- 
gether and referred to as having a single brackish-water migratory 


life history type. 


Cohen's Type "X'' least cisco appear to exhibit the typical 
growth curve of a lake-resident non-migratory population. Growth in 
length becomes asymptotic at approximately 230 mm, and had aging been 
conducted using otoliths, a growth curve very similar to the Lake 105 


population would probably have resulted. 


It is believed that the partial growth curve presented by 
Hatfield et al (1972) for the Mackenzie River probably represents the 
spawning Pop ircon of which least cisco captured along the Beaufort 
Sea coast during the present study are members. Hatfield et al (1972), 
report an upstream migration primarily of mature, green individuals 
during the summer months while the results of the present study indi- 
cate a decrease in number of mature, green individuals from mid- 


summer until late fall (Figure 30 and Page 96).. 
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Wetght-Length Relattonshtps 


The relationship between weight and length is described by the 
expression: Log W = log atb (log L), where log a is the y intercept 
and b is the regression coefficient. Regression plots often differ 
when different stocks within a Bane are compared. Such information 
is useful as an index of growth and production for commercially 


harvested species (Ricker, 1968). 


Weight-length relationships were compared between populations 
to see whether any significant differences were present. Intra- 
population variation was also examined. The data typically showed a 
high degree of correlation (r)0.7000), thus stratified sub-samples of 
length-weight data were used in calculation of regression lines. 
Significance of differences between slope and elevation (intercept) 
of regression lines was tested using analysis of covariance and 


comparison of F-ratios (Sokal and Rohlf, 1969). 


Comper ors between sexes and mature and immature individuals 
revealed that in most cases length-weight regressions did not differ 
Significantly (p)}.05) in slope or elevation. Brackish water least 
cisco exhibited the most intra-population variation, probably since 
this group consisted of a non-homogeneous mixture which may have 


originated from a number of different rearing areas. 


In order that inter-population differences could be examined, 


samples were combined and compared on the basis of sex. If no 
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Significant difference was detected within each population, sexes 
were combined and a single regression equation was derived for the 
population (Table 7). Regression data are graphically presented in 


Figures 9. 


snd normal populations, Lake 105 least cisco differed 
most commonly in slope of length-weight regression ‘lines from the other 
populations with which it was compared. This is understandable since 
this population was found to be the slowest growing of the normals 


in the study area (page 54 and Figure 16). 


Peter Lake normals commonly differed from other populations in 
the elevation (y - intercept) of length-weight regression lines. This 
result may have been biased somewhat by the fact that Peter Lake cisco 
were almost exclusively in an advanced state of gonad development. 
Other population regression lines were calculated from data taken 


from both immature and mature individuals. 


Dwarf populations did not commonly differ significantly in 
slope when compared with other populations, however, significant 
differences in elevation of regression lines were found in many inter- 


population comparisons. (Table 8). 
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TABLE 7: Weight-length regression formulae 


Trout Lake "normal" (sexes combined) 


Log W=3.0955 (Log L)-5.2447, r=0.9946, 


Peter Lake 'normal'' (sexes combined) 


Log W=2.5636 (Log L)-3.9616, r=0.9320, 


Lake 105 (sexes combined) 


Log W=3.1070 (Log L)-5.2436, r=0.9972, 


Brackish waters; 0”: 


Log W=2.9477 (Log L)-4.9518, r=0.9864, 


: 0 
Brackish waters; +: 


Log W=1.7744 (Log L)-2.1115, r=0.8198, 


Tryout Lake "dwarf"; 07: 


Log W=2.9156 (Log L)-4.9633, r=0.9609, 


Peter Lake 'dwarf' (sexes combined) 


Log W=2.4135 (Log L)-4.0119, r=0.9314, 


N=100 
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Figure 19. Length-weight relationships. 
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TABLE 8: Weight-length relationships ANCOVA. n.s.=not significant 
*=significant at .05 level, **=significant at .0l°level for 
slope and (elevation). 
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Maturity Relattonshtps 
Maturtty Criterta and Frequency of Spawning 


The rationale for judging state of maturity is presented on 


Page 34, 


At an early point in field studies it was observed that a 
small proportion of mature individuals of both sexes appeared to be 
lagging behind the majority in gonad development. As the spawning 
season approached, this difference in gonad condition became more 
apparent and it became obvious that a portion of ine populations stud- 
ied were not capable of spawning in consecutive years. Such individ- 
uals were assigned a condition factor of "WS" (meaning will not spawn 
in the year of capture). The abundance of such individuals in a rest- 
ing stage in the least cisco populations studied is presented in 
Tabies9 and 10. Several trends may be noted: 

1) among normal lake-resident and freshwater migratory Bales 
studied, WS individuals were most common among Lake 105 cisco. 
A reflection of intraspecific competition for food may have 
produced the observed stunting of growth. 

2) the WS condition was most commonly assigned to mature females 
in all populations examined. This may be due to a greater 
energy requirement for the production of eggs. However, this 
result may be biased in favour of females due to the relatively 


lesser degree of gonad development in males and the resultant 


difficulty in determining condition. 
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3) a large percentage of individuals in the older year classes 
were judged to be WS in condition; possibly indicating a 
reduced ability in older fish to produce sex products in succes- 


Sive years. 


4) the majority of individuals captured in brackish waters were 
judged to be either immature, or if mature, then WS in condition. 
This provides further evidence for the theory that the Yukon 
North Slope brackish water areas are utilized in the summer 


months primarily by immature and non-spawning individuals as a 


feeding and recuperation area. 


5) The "prime" spawning years among dwarf least cisco of Trout Lake 
are the first four years after maturity is reached. Subsequent- 
ly there appears to be high mortality and decrease in the fre- 


quency of repeat spawning among survivors. 


Cohen (1954) and Wohlschlag (1954) make no reference to whether 
or not spawning occurs every year among natune Meast cisco ofPoint 
Barrow. Alt and Kogl (1973),indicate the occurrence of non-spawning 
mature individuals captured in the Colville River. No mention of 
state of maturity is made in reports by Hatfield et aZ (1972) on 
Mackenzie River least cicso. However, fish captured in the same areas 
in 1972 by Stein et al (1973) indicate that the least cisco were on a 
spawning migration up the Mackenzie River and its delta tributaries. 
Numerous reports of alternate-year spawning in Arctic populations of 
salmonids and coregonids are present in the literature (Kennedy, 1954; 


Miller and Kennedy, 1948; Rawson, 1961; McCart et al, 1972; etc.). 
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Froure 20° Age at maturity: Trout “Cake normal cisco. 
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Pigure 20." Age at maturity: Peter “ake normal” cisco. 
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Pigure 22. Age atwnaturity: Lake 105 cisco. 
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Figure 23. Age at maturity: Brackish water stations. 
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TABLE 10: Age, sex and maturity structure: Dwarf LSCS only. 


Age 


Trout Lake 
Male Mature 
An 100 
60 100 
42.9 100: 
S72 100 
he melo) 100 
0 100 
S520 100 
100 100 

0 100 
100 100 
50 100 


WS N 
O15 
O25 
he 
O 14 

3s 
0 14 

609 
0 
0 4 

25 

20 eaeG 
0 

T0021 
0 
OFF ns 
1OOr2) 71 
0 
Up 
) 1 


100 


Peter Lake 
Mature WS 
100 0 
100 0 
100 0 
100 0 
100 0 
100 0 
100 0 
100 0 
100 0 
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Age at Maturtty 


Tables 9 and 10 and Figure 20 - 23 indicate the age at which 


least cisco populations attain maturity. 


The earliest maturing normal cisco populations were found to 
be in Peter Lake and brackish waters along the Beaufort Sea coast. 
Both populations are believed to be migratory and in both cases, males 
appear to mature earlier, on the average, than females. The earliest 
maturing individuals were aged at 5 years in both cases. Peter Lake 
least cisco samples were not 100% mature until age 7 and brackish water 
Samples were not 100% mature until age 8. Migratory least cisco in the 
Colville River of Alaska are reported to begin maturing as early as 
age 4 (Alt and Kogl, 1973). Mackenzie River least cisco were found 
to be maturing by age 5, (Hatfield et al, 1972) which Supports the 
theory that the brackish water population sampled during the present 
Study is actually part of a much larger population which disperses 


from the Mackenzie River. 


Of the 2 lake-resident populations of least cisco studied in 
the Yukon North Slope area, Trout Lake cisco were found to be the 
latest maturing. The youngest mature normal cisco in this population 
were age 6 and 100% maturity did not occur until age 9. The obser- 
vation that females appear to precede males in attaining maturity is 
highly unusual in fish populations. Similarly, Lake 105 least cisco 
did not mature until age 6, but all individuals sampled had attained 
maturity by age 8. In this population males appear to begin maturing 


more quickly than do females, however, females approached 100% maturity 
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It is difficult to determine whether the attainment of paxual 
maturity is a gradual process in dwarf least cisco since they could 
only be distinguished by their advanced gonad development. Immature 
dwarf least cisco could not be distinguished from similar sized im- 
Mature normals since gonad development in both groups was minimal. In 
both the Trout Lake and Peter Lake dwarf populations, the youngest 
mature individuals were aged at 3 years. Figure 24 documents the 
complete lack of overlap in es of mature green, dwarf individuals and 
mature green, normal cisco in Trout Lake. Plate 15 illustrates that 


the relative size of male and female dwarf gonads are readily distin- 


guishable from those of immature specimens. of the normal population of 


Tronct Lake. 


Sex Rattos 


In the majority of least cisco populations studied, males 


were more abundant than females in total catches. 


Only in the Trout 


Lake normals and Peter Lake dwarf populations were males significantly 


more abundant (Chi square?10.0, p<0.01): 


Population N(total) Percent Male 

Trout L.normal: 343 pee a AL bt 2396" (p<0..005) 
Lake 105: 238 52.94 0.8234 (p>0.05 ) 
Brackish water 168 Lo Ried Bd 1.1666 (p>0.05 ) 

Stations: 

Peter L.normal: 101 44.55 1.1980 2(970:..05.,) 
Trout L.dwarf: 95 47.37 Z.0514 (970.03 ) 
Peter L.dwarf: 40 75.00 10.000 (p<0.01 ) 
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There is no ready explanation for the imbalance in the Trout Lake normal 
population. Since gillnets of a wide variety of mesh Sizes were used 

at all times at varying depths and locations in the lakes and brackish 
water areas, it is not likely that any sex was selected.for continually. 
Therefore, it is believed that these figures are a reliable indication 
of sex ratios in these populations. In most cases, the sex ratio 
favoured males more markedly in the younger age classes (Table 9, 10). 
As maximum age was approached, this favouring of males became less 


apparent. 


Spawning run sex ratios could not be documented for most pop- 
ulations since peak activity occurred after freeze-up when field 
Studies were terminated. In Peter Lake, NWT, however, both dwarf and 
normal populations were observed to be spawning by mid-September,1973. 
tiis pegeceal that these populations enter’ this lake during 
the spawning season, and may possibly overwinter there as well. In 
the normal spawning population it appears that females slightly out- 
number males. Samples of spawning dwarf fish from Peter Lake, however, 
indicate a strong tendency for males to outnumber females. At the time 
of capture of dwarf specimens, most females were found to have released 
their eggs or were ripe in condition. Male gonads indicated that most 
had not spawned as yet but were also ripe since sperm could easily be 


expressed from the vas deferens. 


Sex ratios in catches from the Mackenzie River near Arctic Red 
River favoured females (females = 57% Hatfield et al, 1972). Similarly, 
catches by Alt and Kogl (1973) in the Colville River favoured females 


approximately 2:1. The Mackenzie River samples were non-random in that 
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least cisco were taken only in September and represented a pre-spawning 
migration. The sex ratios reported by Alt and Kogl (1973) may not be 
representative of the entire population since only one-third of a 


Single catch of 300 fish was analyzed. . 


Fecundtty and Egg Stze 

Egg diameters were taken from each female which was judged to 
be mature at the time of sampling. The total diameter of 10 eggs 
dissected out and laid in a row was taken using calipers and the mean 
calculated. Geanetere were taken for fresh, non water-hardened eggs 
only. Measuring of eggs less than 0.5 mm in diameter presented great 
difficulty, hence sample sizes of diameters for immature, and mature 


WS individuals are small. 


Seasonal changes in egg diameter for populations of least cisco 


which could be sampled regularly are presented in Figures 25 and 26. 


Growth in size of eggs which are to be released in the current 
year.'s spawning season appears to occur at a more or less constant 
rate during the summer months. Although the relative rates of develop- 
ment differ between populations, the egg diameter at spawning appears 
to be a relatively constant 1.5 mm. Populations which exhibit rela- 
‘tively later spawning seasons appear to enter the growth season with 
slightly larger egg diameters than early spawners (eg Trout Lake normal 
least?cisco-veTrout~Lake+dwarfs.-.Figure.25.,..andLake_105. cisco vs 
Brackish water migratory cisco -Figure 26). The data suggest that 


“spawning egg diameter of dwarf least cisco may be slightly larger than 
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that of normal least cisco in Peter Lake (Figure 26). Even though the 
normal cisco sample does not include ripe egg diameters, spawned-out 
females of this type were encountered in a catch from this lake only 


10 days later. 


Fecundity data were compared on the basis of relation to 
length (mm) and to weight (gm). In accordance with procedures suggest- 
ed by Ricker (1968), fecundity-length and fecundity-weight data were 
transformed to logarithms prior to analysis. Since sample sizes were 
small in most cases, and since counts were necessarily conducted over 
a narrow range of lengths and weights, regression coefficients were 
typically low. Tables 11 and 12 present regression formulae for 
length-fecundity and weight-fecundity relationships respectively. Only 
3 populations; Peter Lake normals and Lake 105 and Trout Lake dwarf 


fish showed significant (p¢.05) regression coefficients. 


Length-fecundity and weight-fecundity relationships were com- 
pared by analysis of covariance.. (Table 13).. Significant differences 
in slope and elevation (y - intercept) were observed in all cases of 
intra-population comparison of length-fecundity relationships. No 
significant differences were observed in inter-population comparison 


of weight-fecundity relationships. 


Length-fecundity and weight-fecundity regressions are graph- 
ically presented in Figures 27 and 28. 
Raw fecundity data for the populations examined are presented 


in Appendix 6. 
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TABLE 11: Length-fecundity relationship: 


Peter Lake 'N'': 


-Log F = 2.8018 (Log L)-2.9695, r=0.4721, N=23 


Lake 105: 


Log’ F = 3.3059 (Log L)-4.1846, r=0.7295, N=22 


SrOUt tis. “D's 


Log F = 1.4802 (Log L)-0.3379, r=0.4164, N=34 


TABLE 12: Weight-fecundity relationships: 


Peter Lake *'N''; 


Log F = 1.0774 (Log W)+1.3757, r=0.5305, N=28 
Lake 105: 

Log F = 1.0652 (Log W)+1.3474, r=0.7391, N=22 
Trout Lb. ’De: 


Log F = 0.6247 (Log W)+2.0281, r=0.4015, N-34 
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nce for length-fecundity and weight- 


fecundity regressions. *=SLeniticant at 0.05% level, **=significant 


at 0.01% level, n.s.=not Significantly different. 


Length-fecundity 
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Trout Lake "D'' x Peter L.''n" 
Trout Lake "D''t x Lake 105 


Lake 105 x Peter L. "Nn" 


Weight-fecundity 
Trout Lake "D'' x Peter L.''N" 
Trout Lake "D" x Lake 105 


Lake 105 x Peter L.''N" 


Slope 


F=4.9484(*) 
F=4.3111(*) 


F=18.7980(**) 


F=1.0984(n.s.) 
F=1.0142(n.s.) 


F=0.0068(n.s.) 


Elevation 
F=44 .9646 (**) 
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Spawning Season and Distribution in Study Areas 


There was no sampling beyond the end of September in either 
year of this study so that observations on spawning times of the 


least cisco populations are therefore incomplete. 


The earliest spawning population examined was the dwarf C. 
sardinella of Peter Lake. The first ripe and Sspawned-out individuals 
were encountered in September 10, 1973 gillnet catches. Unfortunately, 
this was the date on which the first females of this population were 
Captured and only a single female was observed to contain its complete 
complement of eggs, therefore only a single fecundity count could be 
obtained. On this occasion, spawning fish were encountered only at 
Station 3 (Figure 9) on the west shore of Peter Lake. Gillnet gangs 
were set in the lake at all 4 stations from September 7 to September 
10, 1973, inclusive; however, the only catch of dwarf least cisco 
during this period occurred on September 10th. Only 3 specimens of 
dwarf cisco were taken in a heavy catch of normal least cisco on 
September 3, 1973, and all were green males. Gillnets of similar mesh 
61ze5 (3/4 and 1") set. in. the lake on September 20, 1973 and checked 
at approximately 3-hour intervals, captured only 2 spawned-out dwarf 
cisco during the 24 hours of fishing. These data suggest a very 


narrow spawning season of less than 10 days for this group. 


Normally-growing least cisco captured in Peter Lake were 
somewhat later in their time of spawning. Ripe and spawned-out males 


and females were not captured until the last date of sampling, 
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September 20-21, 1973. This group may have a somewhat longer spawning 
season than the dwarf population since a single ripe specimen of the 
normal type was captured in this lake in the previous field season 


(Otober* S45 1972). 


Hie aeneans then that gene flow between these two migratory 
forms captured in Peter Lake may be somewhat restricted due to temporal 
isolation of spawning time. However, since spawning times occur so 
closely, the opportunity for hybridization may still be present, pro- 


vided other isolating mechanisms do not exist. 


A similar situation may exist between the normal and dwarf 
populations of C. sardinella inhabiting Trout Lake. The 1972 field 
investigations terminated in mid-September, immediately prior to lake 
freeze-over, and at this time, no indication of commencement of 
_ spawning was observed. In 1973, the last field data collection made 
was on September 25-26 and on this date, the first ripe specimens of 
the dwarf type were captured. Only 4 specimens were collected, 3 
ripe females and a single green male. Freeze-over of the lake occurred 
i, days after this date and at this time no specimens of the normal 
type were observed to be in a ripe condition, although the egg dia- 
meter of green females closely approached the spawning egg diameter 
of 1.5 mm (Figure 25). It appears then, that spawning of normal 
least cisco in Trout-Lake occurs after freeze-up, under lake ice. 
These findings concur with observations of least cisco in Ikroavik 


Lake- Point Barrow, Alaska (Cohen, 1954). 


Anadromous least cisco associated with the North Slope 
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coastal brackish water areas had a seasonal distribution in the study 
area reflecting the spawning habits of this life history type. Figure 
29 illustrates the relative abundance of least cisco in brackish water 
areas along the Yukon-Beaufort Sea coast. Although sites were not 
Sampled concurrently during the 2 years of field studies, the catch 
per unit effort (net hours), illustrates that the nearer one comes 

to the Mackenzie Delta, the more abundant least ee become in gillnet 
catches. This strongly suggests that the brackish-water population 
Sampled during these studies are dispersed in a westward direction 


from the Mackenzie Delta area. 


Stokes Point Lagoon (Figure 1) was sampled at approximately 3- 
week intervals during the 1973 field season and the data illustrate 
a distributional trend also observed at other brackish waters sites 
Sampled less regularly. Figure 30 indicates an initial increase in 
total catch per unit effort from mid-July to early August 1973, and 
thereafter, a decline to zero in mid-September. From mid-July until 
late August, a continual decline in numbers of mature green individu- 
als occurred in gillnet catches in this lagoon. It is believed that 
this distributional pattern occurred due to spring and early summer 
dispersal from the Mackenzie River of approximately equal numbers of 
green and WS individuals, probably in response to greater food abun- 
dance along coastal brackish water areas. As the summer progressed, 
it is thought that individuals which would Spawn in the fall began 
returning to the Mackenzie River and its delta tributaries at a 
faster rate than individuals which were immature or in a resting 


Stage (WS). The progressive decrease in total catch per unit effort 
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illustrates that non-spawning least cisco do not overwinter in coastal 
waters but probepty return to the Mackenzie River later than spawning 
individuals. Further evidence for this hypothesis is presented by 
Hatfield et al, (1972), who report that least cisco did not appear in 
Mackenzie Delta gillnet catches until early September. Mature, green 
individuals became increasingly abundant in gillnets and dominated 
catches in all areas until studies were terminated. In the same area 
in 1972, Stein et al (1973) report a gradual increase in abundance of 
least cisco in gillnets from late August until mid-October. Ripe 

C. sardinella were taken in Peel Channel and Husky Channel in the 
Mackenzie River Delta and also in the Peel River near Arctic Red River 


Settlement during late September and early October 1972. 


Least Ctseco Fry 


Growth data for C. sardinella fry in the Yukon study area are 
presented in Figure 17. As mentioned previously, considerable diffi- 
culty was encountered in obtaining samples of young-of-the-year there- 


fore the data are not as continuous as was hoped. 


When collections were made in Trout Lake or Lake 105, a record 
of locality, bottom type, presence or absence of aquatic vegetation, 
water temperature, weather and water conditions and seining effort was 


kept. Table 14 presents these data. There are several obvious trends: 


1) least cisco fry were commonly captured near shore on calm 


days when water turbulence was minimal. 


2) fry were rarely captured in the same areas as juvenile least 
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Plate 16. east cisco fry from Trout Lake, captured in late 
August? 19725 


Plate 17. Typical shale fragment beach of Trout Lake where 
fry were commonly captured. 
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cisco (fork length 100 to 150 mm). 


3) least cisco fry appear to prefer areas in which rooted 
aquatic vegetation is lacking, whereas juveniles appear to 


prefer vegetated areas. © 


4) fry do not appear to prefer one bottom type over another, 
although large catches occurred most commonly in areas of 


shale fragments and gravels. (Plates 16, 17). 


Feeding habits of least cisco dry were not examined in detail, 
however, in the 20 stomachs examined, a wide variety of food items 
were found. Trout Lake specimens contained bottom fauna (small 
Chironomidae larvae - 4/10), zooplankton (Cladocera: Alona sp. Bosmina 
sp. 6/10) and surface insects (Hymenoptera, Diptera adults: 4/10). 


The Lake 105 fry examined were feeding exclusively on zooplankton. 


Scale development was complete on specimens examined which 
were taken from Lake 105 in mid-September, 1973. This observation 
concurs with those made for least cisco fry captured on Point Barrow, 


Alaska (Cohen, 1954). 


Food Habtts 


The results of stomach content analysis conducted during the 
2-year study period are presented in Tables 15, 16 and 17 and Figure 
31. For reasons stated previously (Page 32), results are represented 


in terms of frequency of occurrence (%) of food items. 


Feeding data were arbitrarily broken up into 3 periods for 
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TABLE 17: Stomach content analysis: Peter Lake, 1973 


Peter Lake:"Normal" 


Mature Immature 


Occurrence 


Ko). & 

Food Item Periodt 
3 
Amphipoda 0 
(0) 
Other Crustacea 0 
(Macroscopic) (0) 
Zooplankton 47 
(Microscopic Crust.) (64.4) 
Surface Insects Z 
(Adults) (42%73) 
Diptera:Larvae, 6 
Pupae (.S%24 
Miscellaneous i. 
Insects ( 1.4) 
Unidentifiable 0 
Insects (0) 
Hemiptera 1S 
(47.8) 
Gastropoda 0 
(0) 
Pelecypoda 1 
(lied) 
Fish Remains 0 
(0) 
Organic Debris 0 
and Vegetation (0) 


Occurrence 


nee 


Periodt 


“Dwart' 
Mature 


Occurrence 


(%) 


Periodv 


goneTtTs290 ~ 


~ 8) 
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TABLE 17: Continued 


Peter Lake:"Normal" PDwari' 
Mature Immature Mature 
Occurrence Occurrence Occurrence 
(%) (%) (4) 
Food Item Periodj Periodt Periods 
3 i. 3 gs’ 
Empty 16 10 28 
(21.9) (52-3) ty bse) 
Number of stomachs 


examined Jo ol 39 


-Footnotes=forefabies 15, 16, 17: 


bPeriod 1= June 15 to July 15. 
Period 2= July 16 to Aug.15. 
Period 3= Aug. 16 to Sept.30. 


For Lake 105 includes: Mysts reltcta 
For Lake 105 includes: Hydracarina sp.,Trichoptera Larvae 


For Trout Lake includes: exclusively Hydracarina sp. 


ay (@) ler tt 


For Brackish Water Stations included: Plecoptera (Leuetra (moselta) 
infuscata), Ephemeroptera and Trichoptera nymphs. 


e For Brackish Water Stations includes: (in order of abundance) ; 
Coperoda: Calanus hyperboreus 
Mysidacea: Mysts oculata (?) 
Cumacea: Dtastylis sulcata (?) 
Isopoda: Sadurta (Mestdotea) entomon 
f For Brackish Water Stations: 
Amphipoda: 
Gammarus setosus 
Pseudalibrotus litoralis 


Pontogentea sp. 
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purposes of analysis, to determine if any change in feeding habits 


occurs during the ice-free season. 


Period 1 (June 15 to July 15) included the time in which growth. 
was beginning but little or none was yet recorded on 


scales and otoliths. 


Period. 2 (July 16 to August 15) included the time in which food 


was most abundant and growth was most rapid. 


Period 3 (August 16 to September 30 - last sampling date was 
September 26, 1973) included the period in which air 
temperatures and water temperatures were rapidly de- 
clining, as was the abundance of food organisms. 


Feeding observations may be summarized as follows: 


1) All least cisco populations examined during the study periods 
appear to be generalists in their food habits since a wide 


variety of food items were recorded. 


2) Of the 3 populations examined in the Yukon North Slope study 
area, brackish-water least cisco appear to be most selective 
in their feeding habits. Crustacea were the food items encount- 
ered most often at all times during the study but this is 
probably a reflection of the great abundance of these organisms 
in brackish waters. 

3) The opportunistic feeding nature of the least cisco isireflected 


by the observation that bottom, pelagic and surface allochthonous 


food items were encountered in stomachs from all 3 populations 


intensively studied. 
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4) In the Trout Lake and brackish-water populations, selection 
of food by immature and mature individuals did not markedly 


differ in any of the three periods. (Tables 15, 16 and Figure 31). 


5) In Lake 105, immature least: cisco fed more commonly on 
crustacean fauna (specifically zooplankton or misroscopic 
crustacea) than did adults. ‘Lake 105 adult cisco fed most 
commonly on bottom dwelling Pelecypoda (Sphaeriidae) during the 


first. 2 periods. (Tables 15, 16 and Figure 31). 


6) In the early spring and summer and fall periods (periods 1 and 
53 respectively), least cisco’had less diversity in the food 


items in their stomach contents (Figure 31). 


Twine least <cisco captured in -reter Lake, “NWI, appear to. utilize 


zooplankton to a considerable degree. (Table 17). 


8) The relatively common occurrence of empty stomachs in samples 
of dwarf least cisco from Peter Lake suggests that feeding does 


not.occur during the brief spawning season. (Table 17). 


9) Trout Lake dwarf least cisco and immature normal cisco were 
commonly captured’ in the’ same areas, and this is reflected in 
the fack’ or diirfterence in tne, aiets of these 2 groups. durang 


the 3 study periods. (Table 16). 


In spite of their abundance, least cisco in. Lake 105, appear 
to suffer very low levels of predation by the lake trout in the summer 
months. Only 5 out of 17 lake trout stomachs examined contained fish 
remains, and only 1 contained a least cisco; the remainder were 


9-spined sticklebacks. 
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fhe fresulits: ofitthis: study, indicate that the least cisco. 1n the 
study area are not strictly planktonic feeders as reported by others 
(cohen! 1954; Berg 1948-49) but rather, they are very much opportunistic 
feeders and generalists. Results concur with observations by Nikolsky 


(1961) of suspension of feeding prior to spawning in this species. 


Parasttes 


A series of autopsies were made on least cisco from the 3 study 


populations in 1972. 


Identifications were made by Mr. Gary Couture and verified by 


Dr. W. M. Samuel, Department of Zoology, University of Alberta. 


Results of 23 autopsies are presented in Table 18. All 3 
populations were parasitized to some degree, however the intensity 
appears to be greatest in the land-locked populations. Intensity of 
infection and salinity have been found to be inversely related in the 


brackish waters of the river Malyi Uzen, USSR (Dubinin, 1948). 


The most obvious parasite observed during field dissections were 
the cestode pleuroceroid cysts on the stomach wall. The maximum in- 
tensity observed in the 2 parasite species involved during autopsy was 
48, however on several occasions, infections in excess of 100 were 
observed on a single stomach. Such intense infections must result in 


some pathogenic effects. 


The next most common parasites found were 3 and possible 4 


species of Acanthocephala in the intestine. Two species could not be 
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TABLE 18: Parasite autopsy results. 


ASL IC COpepous lode anti is TOTS 
Parasite Location N Occurrence Intensity 
eee EERE CSCO it. Cuma t a) 5rOm t2¢ brackish water Areas 


Trout Lake: 


Trematoda: 
a) Discocotyle salmonis gill 5 Z 38,43 
filaments 
b) Tetroacotyle intermedia heart re elas 63535 red ,3 
(metacercaria) 
Acanthocephala: 
-a) Metechinorhynchus salmonis intestine 5 4 RL AAS 
b) Neoechtnorhynehus tumidus intestine 5 3 6.352 
Lake 105: 
Cestoda: 
a) Dtphyllobothrtum strtetum(L) stomach 8 Sot Oe 472i; 
(plerocercoid cysts) wall 19 12,,48 
Acanthocephala: 
a) Metechtnorhynchus sp. intestine 8 2 7,4 
b) M. salmonts intestine 8 6 Wie sO 7", 
ele: 
Phillips Bay: 
Cestoda: 
a) Protocephalus extgur intestine 7 2 5,34 
(plerocercoid) 
bd. D3 eg tnictuma«(l) stomach 7 2 : 3,4 
and upper int. 
Acanthocephala: 
a) M. salmonts intestine 7 a). 4 
b) Neoechtnorhynchus sp. intestine 7 1 1 
No parasites found: - 3 ~ - 
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identified from existing literature. 


Ecto-parasitic copepoda (Salimtncola sp.) which were commonly 
found on Arctic cisco (C. autumnalts) from the brackish water areas 


were never found on least cisco captured in the same areas. 


Lawler (1970) lists the species of parasites recorded from 
C. sardinella in the USSR. The following species recorded during the 
present study represent additions to this list for the least cisco of 


North America; 


Trematoda: Discocotyle salmonts 
Acanthocephala: Metechtnorhynchus salmonts 


Neoechtnorhynchus tumidus 


Taxonomte Data 


As mentioned previously, the least cisco species complex has 
been studied primarily in terms of its taxonomic status. Coregonus 
sardinella was first described by Valenciennes in 1848 from specimens 
collected in the Irtysh and Kolyma rivers in the USSR. (McPhail and 
Lindsey, 1970). The first North American record of the least cisco was 
made by Bean in 1889 from the Kobuk River, Alaska. He named his speci- 


men C. pustllus which is presently considered a synonym for C. sardinella. 


Soviet ichthyologists are currently in disagreement concerning 
the taxOnomic status of C. albula and C. sardinella (Behnke, 1972). In 
some situations, these 2 groups are more obviously differentiated morph- 


Ologically than in others. They are largely allopatric in their distrib- 
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ution. However, sympatric. reproductively-isolated subpopulations are 
known to occur for each group. Some authors consider C. sardinella to 
be conspecific with C. albula whereas others recognize C. sardinella as 
a full species. Behnke (1972) indicated that evaluation of meristic 
data from sympatric pairs shows closer simplarity to] group or the 


other but not both. 


Concerning evaluation of taxonomic status of C. sardinella in 
North America, Behnke (1972) states: 
NC. peviaeabia has not been sufficiently studied in North 
America to adequately determine the full range of divergence but 
McPhail and Lindsey (1970) discussed 3 groups differing in gill- 
raker number, coloration and size: the typical coastal form, a 
non-migratory form of the upper Yukon basin and a dwarf form in 


Naknek Lake and Lake Illiamna of the Bristol Bay reeion7ot Alaska." 


McPhail and Lindsey (1970) report the following range of variation for 


taxonomic characters for North American least cisco: 


1) The migratory (anadromous) form reaches a length of approxi- 
mately 360 mm, the dorsal surface is usually heavily spotted 


and first-arch gillraker counts range from 48-53 (mean near 50). 


2) The non-migratory form seldom exceeds 220 mm, the dorsal surfaces 


are never spotted and gillrakers range from 41-47 (mean near AS). 


3) The only known exceptions at the time of these authors’ publica- 
tion were dwarf forms from 2 lakes in the Bristol Bay region of 
Alaska. They report that lengths did not exceed 150 mm and that 


gillraker counts were high (49 to 53). 
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4) The overall range for North American populations examined 
prior to 1970 was: gillrakers (total counts first-arch 42-53, 
lateral line scales; 78-98, pyloric caeca} 74-111 and 


vertebra; (58-64. 


In the present study, the range of variation among meristic 
counts often exceeds that in the published data. Table 19 shows that 
mean gillraker counts are relatively low for all populations and that 
the low range of counts is extended to 39. Lateral line scale and 
vertebral Sounts closely approach the ranges published by McPhail and 
Lindsey (1970). The lower range for pyloric caeca counts is extended 


considerably to a low of 51. 


Mean, standard deviation and range statistics for the 4 
_meristic counts taken in 5 populations are present in Table 19. 
Differences which occurred were tested for statistical Significance by 
oneway analysis of variance (ANOVA) using a program entiled "ANOVA 2'! 
on the APL 360 computer, University of Alberta Computing Services. 
(Sokal and Rohlf, 1969). Prior to testing, data were tested for good- 
ness of fit to normal distribution using the "Kolmogorov-Smirnov" Rese, 


(Sokal and Rohlf, 1969). All data were found to be normally distributed. 


Of all populations tested, brackish water least cisco were 
found to differ most significantly from other populations in terms of 
3 of the 4 characters tested (Table 20). Pyloric caeca and lateral 
line scale counts were significantly lower (P<0.1) in this population 
than in all other populations with which it was compared. Among fresh- 


water normal populations, Trout Lake and Lake 105 differed the least 
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TABLE 20: Comparisons of meristic counts by one-way AVONA. 
n.s.=P7.05, *=P¢.05, **=P¢.01, n.d.=no data. ' 
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and Trout Lake and Peter Lake normals differed most frequently in 


meristic counts. : 


Trout Lake dwarf cisco were found to have Significantly lower 
gillraker counts than Trout Lake normals (P<.05) and significantly lower 
counts than in all other populations with which it was compared (P<.01). 
This finding contrasts with reports of extremely high gillraker counts 


for Bristol Bay area dwarf fish, reported by McPhail and Lindsey (1970). 


Vertebra counts are presently available from only 3 of the 
populations studied. The sample size for Trout Lake dwarf fish is small 
due to poor resolution in X-ray photographs. Peter Lake normals were 
found to have significantly more vertebrae (P<01) than Trout Lake 


normals. 


Dorsal spotting was not commonly observed on least cisco 
captured in brackish water or in most ‘Speeianateon locations. Cohen (1954) 
penoered that near Point Barrow, cisco captured in fresh water were 
never spotted on the dorsal surface. In contrast, normal, mature least 
cisco captured in Trout Lake during the present study exhibited promin- 
ent spotting on the dorsal surface of the head and around dorsal scale 


margins (Plate 18). 


Coregonus sarditnella survived the Wisconsin glaciation in a 
Single refugium (Bering refuge) and dispersed eastward along the 
Beaufort Sea coast (McPhail and Lindsey, 1970). The observed differ- 
ences in life history, growth patterns and meristic characters can be 
for the most part, attributed to the differential adaptation to en- 


vironments encountered during this dispersal. However, the sympatric 
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Plate 18. Prominent dorsal spotting on mature "normal" 
least cisco from Trout Lake (bottom) : 
Middle: immature "normal". 


DLOpe: Mature awari Least scisico wirom trout. lake. 
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occurrence in the same lakes of dwarf and normal growth types is not 
readily explained. The extent of divergence between these 2 groups 
could not be completely documented during the een Study, however, 
future work to this end is planned, including examination of protein 
banding patterns in electrophoresis. It is possible that dwarfs and 
normals represent the result of dispersal into the lakes at 2 different 
times. Another possibility is that these 2 forms Fey aioe sympatric- 
ally. However, ene tenc development of these pairs seems unlikely 
because of the observed overlap of niches, particularly in Trout Lake. 
The extent of hybridization between the 2 growth forms was not docu- 
mented since hybrids could not be recognized, however, the persistence 
of sympatric dwarfs and normals suggests that introgression due to 


hybridization must be minimal. 


The documentation of isolating mechanisms involved here is 
cause for future studies, however, present studies suggest that differ- 
ing time of spawning and possibly spawning site selection maybe in- 


volved. 
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SUMMARY 


1) Least cisco were captured during the summer months of 1972 
and 1973 from lakes and the coastal areas of the Yukon Territory North 
Slope, and Mackenzie River neues areas. Most fish were caught in gill- 
nets and seines. A total of 1,544 cisco were sampled for information 
including: length, weight, sex, state of maturity and condition, gonad 
width and weight, stomach contents. Ages were determined from both 
otoliths and scales; however, otolith ages were assumed to be mors 


reliable. 


2) Life-history types examined included anadromous (migratory 
into coastal brackish waters), freshwater migratory, and non-migratory 


(freshwater lake-resident) types. 


3) Among freshwater populations, 2 instances of sympatric 
normal and dwarf growth types are described (Trout Lake, Yukon 


Territory and Peter Lake, Northwest Territories). 


4) Growth curves for normal freshwater-resident least cisco 
differ markedly from marine migratory forms in the greater longevity 
and a much shorter maximum length in the freshwater lake populations. 


Growth in length in all normal populations examined becomes asymptotic 
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at approximately age 10 years (* 2 years),.;, Growth inethe first, 10: years 


of life occurs most rapidly in brackish water - migratory least cisco. 


5) Dwarf populations of. cisco examined do not show significant 
growth in length after sexual maturity is reached. Dwarf fish were 
indistinguishable from young juvenile normals in external appearance, 
and could be recognized only by dissection to reveal advanced gonad 


development. 


6 Jae Noung Of -the-year are hatched, under the ice prior to spring 
breakup at a length of approximately 8-10 mm. Growth occurs rapidly 
during July and August and fry attain a length of approximately 45 mm 


before fall freeze-over. 


7) Length-weight relationships typically showed a high degree 
of regression correlation (r>.7000) and little intra-population 
variation in slope or elevation when compared on the basis of sex and 
State of maturity. In interpopulation comparisons of regression lines 
by ANOVA, Lake 105 and Peter Lake normal cisco were found to differ 


most commonly from other populations in slope and elevation (p>.05). 


8) Normal least cisco appear to begin maturing at age 5 or 6 
in most populations but 100% maturity does not occur until age 7 or 8. 
Males did not significantly precede females in attaining maturity. 
In freshwater populations, a small percentage of mature individuals 


showed inability to spawn in successive years. This observation was 
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most common among females, and among the older individuals (age 12+ 


years). 


Dwarf specimens mature at age 3 in both populations examined. 
Inability to spawn in successive years was commonly found among older 


(7+ years) Trout Lake dwarf fish. 


9) Egg development proceeds at a Welat avery constant rate from 
Spring (diameter approximately 0.5 mm) to late fall ie approxi- 
mately.1 5 Nee In spite of their smaller body size, dwarf fish 
appear to develop Slightly larger eggs, on the average, than normals 


by spawning time. 


10) Among freshwater populations, spawning occurs somewhat 
earlier in Peter Lake than in the Yukon North Slope study area. In 
Peter Lake, ripe dwarf fish were captured in early September and ripe 
normals by mid-September. Both dwarf and normal fish in Trout Lake 


appear to spawn in early October, after freeze-over has occurred. 


11) Fecundity-length and fecundity-weight relationships had 
typically low correlation coefficients; only the Peter Lake normal, Lake 
105 and Trout Lake dwarf populations showed significant (pq0.05) re- 
gression coefficients. Analysis of covariance showed significant 
differences in slope and elevation of regression lines in all inter- 
population comparisons of fecundity-length relationships. No signifi- 
cant differences were found in comparisons of weight-fecundity relation- 


ships. 
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12) Brackish-water least cisco appear to disperse westward from 
the Mackenzie delta area along the North Slope in spring and summer 
and return to the delta by late August. This dispersing population 
along the North Slope coast is primarily made up of immature and mature 


non-spawning individuals. 


13) Young-of-the-year least cisco from 2 North Slope lakes 
were observed to move into shallow water near shore (<1.5M in depth) 
during periods of minimal wind action. Fry appear to avoid areas of 
aquatic vegetation but showed no definite preference for a particular 


bottom type. 


14) Least cisco in the study areas appear to be generalized and 
opportunistic feeders since a wide variety of food items commonly 
occurred in stomach analysis throughout the study periods. Bottom, 
pelagic and surface food items were found, including insect, crustacean, 
molluscan and fish material. Both dwarf and normal fish appear to 


terminate feeding during spawning but commence again shortly afterwards. 


15) Freshwater populations of least cisco appear to be more 
heavily parasitized than the marine-migratory population examined. 
Cestode pleurocercoid cysts on the stomach wall were the most intense 


parasite infections observed. 


16) Results of some of the meristic counts indicate close 


agreement with previously published ranges of variation, whereas others 
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considerably extend the range of counts for this species in North 
America. Brackish-water least cisco were found to differ most signifi- 
cantly from other populations in meristic counts. Trout Lake dwarf 
fish had significantly lower total gillraker counts than all other 


populations with which they were compared. 
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Appendix 1: 


NORTH SLOPE AND N.W.T. SAMPLING SITES 


Abundance? 
1. Species Lists LOT 2 MOPS 
Clarence Lagoon: 
Coregonus autumnalts (Pallas): Arctic Cisco te ox 
Myoxocephalus quadrtecornts quadricornis 
(Linnaeus): Fourhorn Sculpin PATE OK 
Ltopsetta glactalts (Pallas): Arctic Flounder PS XX 
Firth River Delta, Nunaluk Spit, Herschel Island: 
CAMaUTianiarte.. AYCtic ‘Cisco +4.) XX 
_C. sardinella (Vallenciennes): Least Cisco see GK 
M. q. quadrtcornis: Fourhorn Sculpin sy 
L. glactalts: Arctic Flounder eal AO ee 
Salveltnus alpinus (Linnaeus) :Arctic Char aa EK 
Phillips. Bay,. Lake 106: 
Cr ortuimatte.: ATCLIC Cisco + + 
C. sardinella: Least Cisco ++ + 
C. nelsont (Bean): Humpback Whitefish -- 0 
C. nasus (Pallas)?* Broad Whitefish -- 0 
Stenodus leuctehthys nelma (Pallas) Inconnu -- 0 
Thymallus areticus (Pallas): Arctic Grayling -- 0 
Salveltnus alpinus: Arctic Char rs 
Osmerus eperlanus (Linnaeus): Boreal Smelt -- 0 
Clupea harengus pallast (Vall.): Herring . -- 0 
M. q. quadrtcornts: Fourhorn Sculpin Sais Wires 
LE, glactaite: Arctic. Flounder ++” 0 
Boreogadus satda (Lepechin): Arctic Cod QO -- 
Stokes Point Lagoon: 
Coregonus autwnnalts: Arctic Cisco eet 
C. eardinella: Least Cisco Oe at 
C. nelsont: Humpback Whitefish erg 
Stenodus l nelma: Inconnu Xx + 
Salve:linus alptnus: Arctic Char XX => 
M. q. quadrtcornis: Fourhorn Sculpin ee ee 
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Appendix 1: (continued) 


Trout Lake: 


C. sarditnella: Least Cisco 

C. nasus: Broad Whitefish 

Prosoptum eylindraceum (Pallas):Round Whitefish 
Peroroetcitcus: Arctic grayling 

Pungtttus pungtttus (Linnaeus) :Nine-spine 
Stickleback 


Lake 105: 


C. sardtnella: Least Cisco 

T, arettcus: Arctic Grayling 

Salveltnus namaycush (Walbaum): Lake Trout 
P, pungtttus: Nine-spine Stickleback 


Peter Lake, N.W.T. 


. nelsont: Humpback Whitefish 
. nasus: Broad Whitefish 


. eyltndraceum: Round Whitefish 
. arctteus: Arctic Grayling 
S. namaycush: Lake Trout 
Cottus cognatus (Richardson): Slimy Sculpin 


C 
C 
C. sardinella: Least Cisco (in Sept. only).... 
P 
4h 


Abundance 
1972 1973 
++ ++ 
+ + 
++ ++ 
t+ +4 
+ + 
+ - 
++ ++ 
XX + 
XX : 
XX ++ 
XX + 
eX -- 
XX + 
XX -- 


1 Abundance Code: xx: samples not taken 
0: absent from samples 
--: rarely taken in samples 


+: commonly taken in samples 


++: commonly taken and very abundant in samples 


++ ++ 
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Appendix .2: 
CATCH SUMMARY: 1972 - 1973 
Collection Number of Length 


Number Date Least Cisco Range (mm) 


route Lake, 1972: 


N72 42 Jun. 29 28 LIT stonsts 
N7Z2°53 Jul. ) 4 125) tor S01 
N72 54 Jul. LY 56 82) to 318 
N72 71 Jul. 26 44 89 to 300 
N72 104 Aug. 6 6 55 OMed SL 
N72 ad3 Aug. 9 18 LS5o tne. 
N72 119 Aug. 11 5 2/22t00G05 
PN72 0135 Aug. 19 ¥; 59 £0) 307 
N72 141 Aug. eae a2 42 to 142 
N72 144 Aug. 2o 200 35 to 304 
Ni2 17) Aug. 31 se 284 to 299 
N72 206 SEDC. LZ § 194° <0 3359 


PakerOS. 0 O25 


Nizoo» Jul. it 24 O2nb On 25/ 
N72 67 Jul, Pps 14 iy kop deo 2oU 
N72 68 Jul. 25 5 157 VCO: 274 
N72 120 Aug. 1d 81 TZ5LO7 S11 
N72 357 Aug. 20 Ea 160 to 245 
N72 192 Sept. 2 20 1SO07 totZ56 


Firth Delta, Nunaluk Spit,Herschel Island: 1972: 


N72 36 Jun. ae 1 Dor 
N72 105 Aug. 8 ae lidvetoes13 


Phillips Bay, Lake 106, Spring River, 1972: 


N72 62 AS WR 18 49 ESS 700, S12 
NAZ-65 Jul. 21 49 88 to 334 
N72 86 Aug. 1 ) 3143008525 
N72 194 Sept. 16 7 150 to. 273 


—— 


Total LSCS Catch, 1972: 89 
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Appendix. 2: (continued) 


Collection Number of Length 
Number Date Least Cisco ’ Range (mm) 


Trout Lake,.19753: 


N73 44 Jul. 3 41 D3 lato. 1S 
N75? 62 Julzep9 ae 979t On 98 
N75 05 JU) rae 16 89 to 106 
N73 119 JulL, 30 50 LL OUeaS 
NiSy 120 Juli. 50 an Siseor ll 7 
N73 122 SIURL oo Ok 47 86 to 154 
N73 130 Allo i? 1 oi COma SS 
N73 146 AU. ae 7 93° to G07 
N73 164 Sept. 12 6 ae [6007 52.0 
NiS. 179 Sept..235 154 87 to 243 
N73 182 SEDC. 20 50 91 t0 7309 


bakex 1057 1973: 


N73) OS Siar nee 4 91to: 96 
N73 66 JU ere 38 S7cor 105 
N73 81 Aug. 8 38 24 tor 37-2 
N73 145 Aig. 129 1 38 
ON7Seh/ 5). Sept. 16 20 36 to 48 


Sabine Lake, 1973: 


N73 80 Aug. ine Zo 119% to. 295 
N73 148 Aug. 29 at: TSP sc. 2252 


Phillips Bay, 1973: 
Niza. 3 IST aN eal 2 | 180 to 209 
N7 3035 Jun.9422 8 255.to S17 


Stokes Point Lagoon, 1973: 


N/32.79 Aug. 6 12 250-to 1313 
N73 100 Stile ' ao ij . P76ntOsoL2 
N73 143 Aug s) 927 i 313 


Peter bake (N.W.h. Joe i975. 
N/7SmloS Sept. 4 96 ise ton 7, 


N/S, 158 Sept. 10 38 DBs tonlod 
N73 180 Sept. 20 34 To aton cos 
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Appendix 2: (continued) 


Collection Number of Length 
Number Date Least Cisco ; Range (mm) 

Poke. /otam on, (NaWad je. LOTS. 

N73 110 Silica 927 3 246 to 318 

N73 160 Deptein 9 2 ZOVATO VoLG 


Holmes Creek, (N:W.T.), 1973: 


NZSS)35 Augay 20 SZ 56.60. 62 
TOtal@LSCS Catche #19735: 755 
Srand=lotal, FO7ST1I7S: 1,544 Least Cisco sampled 


from Study Area. 
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Trout Lake (1972 Data) 


Gill Nets: 
Age: 0 
Mesh Size 


soemts/4™)E 0 
JOC Gat be 0 
.8cm(1-1/2")0 
sLcme “2 ae 6 
.3cem(2-1/2'"')0 
pocmed oe CU 
.9cem(3-1/2'')0 
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Seine Nets: 65 


Hoop Net: 0 


SAMPLING GEAR SELECTIVITY 


Lake 105 (1972 


Mesh Size 

1.3cm(5f4")' 0 
2.5emn() Psy 0 
3.8cm(1-1/2"'')0 
S- len (GZ )i0 


Brackish Water Stations (1972 Data) 


Mesh Size 
13cn(3jA™} 0 
Ze5cn(] E'S)) 0 
3.8cm(1-1/2")0 
Sci 2) 0 
6.3cm(2-1/2'')0 
7 5ca(j St'o)i 0 
8.9cm(3-1/2"')0 
TOL 2cm(. 4s) 0 
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Appendix 4 


£38 
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Appendix. 54 


_ SALINITY - TEMPERATURE PROFILES TAKEN IN BRACKISH WATER AREAS | 


1972 - 1973 
Location Date Depth Temp. (°C) Salinity (ppt) 
(Corrected for 
temperature) 
Clarence Lagoon Jul. 3/72 Surface ee <U.0 
area(Seaward side Bottom (2m) 5.0 2780 
of Barrier Beach) 
Nunaluk Spit Juloi13/72.. wsurtace 1220 <1.0 
2.on8 520 29.0 
Bottom (4m) 55 29-0 
Phillips Bay Jul.18/72 Surface 16.0 1,0 
0.75 m 16.0 <1.0 
Bottom (1.5m) oO PgR 
Nunaluk Spit Aug. 6/72 Surface 1246 C120 
1.0m 4.0 2920 
Bottom (1.5m) 528 50-30 
Beaufort Sea Aug. 6/72 Surface 5.0 300 
Clomi north. of Bottom (8m) ae: 32.0 
Nunaluk Spit) 
Phillips Bay Jun.21/73 Surface 655. | <V.0 
1.0 m 6x2 Glico 
Bottom (2.0m) 6.0 ¢1.0 
Phillips Bay Jul.20/73 Surface 7.0 ¢1.0 
Bottom (2.0m) 720 1.0 
Stokes Point Lagoon Tule oy oO - Surface 6.5 230 
2 m 5.9 2.0 
Bottom (2.5m) 4.5 53.0 
Beaufort Sea Jule23/ 7a -Surtace oO 2.0 
(1/4mi north of 3 m 4.0 S20 
Stokes Pt.Lag.) Bottom (6m) o5 17.0 
Stokes Point Lagoon Aug. 6/73 Surface 13.5 9.0 
2.0m Piss 12.0 
Bottom (3.5m) LOS? 15.0 
Stokes Point. Lagoon Aug.27/73. Surface 6.9 20.5" 


Bottom (3.5m) 5.5 24.0* 
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Appendix. 5: (continued) 


Location Date Depth Temp. (°C) Salinity (ppt) 
(Corrected for 
temperature) 


ee a ee oe ee es eae 


Stokes Point Lagoon Sept.12/73 . Surface 625 B20" 
2.0 m 6.0 18-0" 
Bottom (3.5m)5.5 240" 


er ee eee 


*Approximated since densities fell within range of broken hydrometer. 
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Appendix 6: 


DC indicates fecundity determined by direct count and SS indicates 
fecundity determined by subsample techniques. . 


Trout Lake: 


Trout Lake: 
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Fecundity data for least cisco from various localities. 


Normal Population 


Fork Length Weight: gm 


262 
27% 
322 
294 
314 
288 
300 
300 
313 
304 
310 
305 
308 


Dwarf Population 


Fork Length Weight: gm 


111 
95 
106 
96 
95 
109 
100 
92 
110 
90 
110 
87 
90 
101 


192 
216. 
SEs. 
2pm 
JOO 
26. 


265 


2/0, 
PAS) a 
526. 
509. 
502. 
Shoe 


SST fe) Wey SS Wo) 


OO TON le 3 tet CT CO). 8 O0F BOO =k 


SI sl! qc Ss! © xo 


—- OW WW YW OH - 


7,886 
10,353 
9,462 
16,400 
11,402 
15.,254 
12,827 
9,886 
19,261 
9,026 
9,282 
1275215 
13,618 


Fecundity 


(DC) 
(DC) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 


Fecundity 


545 
574 
672 
336 
410 
404 
477 
362 
a7 
340 
631 
473 
410 
382 


(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
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Appendix 6: Continued 


Trout Lake: 


Peter Lake: 


Dwarf Population (Cont'd. ) | 


Fork Length 


91 
a5 
90 
97 
103 
88 
25 
103 
103 
100 
90 
95 
96 
88 
89 
o2 
O41 
96 
92 


Fork Length 


240 
242 
247 
247 
258 
246 
coy 
220 
241 
25> 


ESi 
US 
ie 
8. 


_ 
=) 
CO ie ON ON LW ON CO ES 200) SN 200 SD) ai OT Co 00 SOTO 


Normal Population 


156 


182. 


6 
7 
6. 
y/ 


—) 00 ~~) OO I! 2 OO) OO mae 


Weight: gm 


Weight: gm 
146. 
LO5%; 
166. 
148. 
165.. 
156. 
141. 
123. 


Mm Oo oO Rp ff CO N Le 


328 
308 
435 
365 
570 

349 
323 
351 
465 
455 
295 
393 
373 
553 
253 
444 
cue, 
woke 
339 


4,800 
gees 
5015 
6,129 
6,165 
5,368 
Sip lubee 
aw ei 
4,526 
Os Zuo 


Fecundity 


(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 
(DC) 


Fecundity 


(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
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Appendix 6: Continued 


Peter Lake: 


Peter Lake: 


Lake 105: 


Fork Length 


232 
248 
226 
241 
252 
240 
253 
251 
232 
231 
244 
253 
239 
251 
255 
221 
249 
233 


Fork Length 


130 
120 


Fork Length 


242 
Ze 
230 
250 
244 
263 
209 


Normal Po ulation (Cont'd. ) 


Weight: gm Fecundity 
13275 3,879 (SS) 
1941 5,680 (SS) 
12327 53000 (S35) 
157d 4,928 (SS) 
Lo 7 4,806 (SS) 
S58 ..6 6972 foo) 
149775 5,710. (S95) 
15 349 6,936 (SS) 
LSS 55/6 -(S5) 
136.3 4,224 (SS) 
Lars 6,228 (SS) 
ie0n 4,931 (SS) 
142.4 5,214 (SS) 
124.7 Sy houCoe) 
158.4 Siy2OO 7 (OO) 
PZ 3,594 (SS) 
146.0 5525S ($5) 
1097, 5 55722 4(85) 

Dwarf Population 
Weight: gm Fecundity 
20:0 1,080 (DC) 
16.6 868 (DC) 

Weight: gm Fecundity 
165.4 65625, {0G} 
118.0 4,260 (DC) 
130-5 4,403 (DC) 
166.2 45078>.(55) 
163.6 5,160 (SS) 
oe es 5,761 (SS) 
135k 4,295 (SS) 
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7 3 4 
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(22) 200.8 £.d0! 
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Appendix 6: Continued 


Lake 105: 


continued 


Brackish Waters: 


Fork Length 


222 
241 
256 
225 
237 
229 
230 
236 
266 
259 
311 
237 

227 
218 
262 


314 


S13: 


Weight: gm 
£25% 
136. 
Wz. 
1 ig Wed 
148. 
129. 
132% 
PSO? 
259. 
189. 
SAD. 
158. 
140. 
114. 
DiS 


FPF WF WAWneAe nN O© DO OO NT WwW oO we 


4,428 
4,549 
ayaa 
3,918 
4,677 
5,602 
5,538 
5,073 
8,694 
5701 

Weed 
3,422 
2,463 
Del ga 
7,789 


173402 


Fecundity 


(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 
(SS) 


(SS) 
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(22) s0a,2 | 
(22) 8€2,2 
(22) £30,@ 
(22) 220.8 
(22) {£0%,€ 
(22) 198,04 
(22) SSa,z 
(22) 06,5 
(22) pT1.¢ 
(22) 287.4 


(28) S£, 31 
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